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PREFACE 


The soybean, also known as soya or soja bean, has assumed 
great importance in recent years and offers far-reaching possi- 
bilities to the agriculture of the future, particularly in the United 
States. It is, therefore, desirable to bring together in a single 
volume the accumulated information concerning this crop. A 
complete bibliography of the soybean makes up a list of more than 
1200 titles—the articles appearing in widely scattered publica- 
tions. The most important are listed in an appendix to this book. 

The aim has been to present the information so as to make it 
useful from both agricultural and commercial standpoints, not 
omitting, however, much that is mainly of historical or botanical 
interest. 

The importance of the soybean lies largely in the fact that the 
seeds can be produced more cheaply than those of any other 
leguminous crop. This is due both to its high yielding capacity 
and to the ease of harvesting. These facts alone insure the 
increasing importance of the crop in the future when the land 
shall be called upon to yield its maximum crop of food. There 
can be little doubt that the soybean is destined to become one of 
the major American crops. 

Unlike most other legumes, the soybean seed is rich in oil, 
which makes it one of the most important sources of vegetable 
oil. For the immediate future, it is likely that increased culture 
of the crop in the United States will be largely for oil and cake, 
although its use as forage will doubtless continue to increase. 

Prejudice and custom are among the factors which prevent 
people from adopting new foods quickly. Under the stress of 
high prices due to war conditions, however, these factors are to 
some extent overcome. Already many public agencies have 
issued pamphlets setting forth the many ways in which soybeans 
and soybean meal can be used in the preparation of palatable 
dishes. Some of the elaborate soybean products of the Chinese 
and Japanese are likely to meet with increasing favor in America 
and Europe. Their preparation is, therefore, described in detail. 

CuHarues V. PrreEr. 
Wiittam J Morse. 


Wasuineron, D. C., 
November, 1922. 
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THE SOYBEAN 


CHAPTER I 


INTRODUCTION 


There is a wide and growing belief that the soybean! (Fig. 1) 
_is destined to become one of the leading farm crops of the United 
States. It is therefore desirable to bring together in a single 
volume the present knowledge of the crop, for the use of students, 
farmers and manufacturers. The aim of the book is to present 
especially the knowledge useful from 
agricultural and commercial view- 
points, not omitting however much 
that is mainly of historical or botani- 
cal interest. 

Name of the Plant.—The soybean 
rarely called soy pea is also known as 
soja bean or soya bean, different varia- 
tions of the same word. Botanically 
it has been referred to in literature 
usually as Glycine hispida. Recently 
the botanical history of the plant has 
been clarified, with the result that the 
botanical name of the of plant became 
Glycine max under the International 
Rule of botanical nomenclature or Soja 
max under the American rules. 

Origin.—The soybean is native to Eastern Asia, the wild form 
of the plant formerly called Glycine ussuriensis being known to 
occur in China, Manchuria and Korea. The wild plant is a 


Fra. 1.—Typical soybean plant. 


1 “Tn view of the tendency of writers both in experiment station literature 
and in the agricultural press to use soybean as a single word, the authors have 
adopted this form throughout. Unquestionably this is the form to which 
the term is tending in the evolution of language. Indeed, the use of soybean 
as a single word has been adopted by the experiment stations of Illinois, 
Indiana, Mississippi, Missouri, New Jersey, North Carolina, Ohio, South 
Dakota, and Wisconsin. 
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slender twining vine (Fig. 2) but a complete series of forms 
connect it with the typical upright cultivated varieties. There 
is thus scarcely room to doubt the origin of the cultivated plant 
as there is no other wild plant that can possibly be its ancestor. 

The culture of the soybean is recorded in ancient Chinese 
literature and undoubtedly dates from 
a period long before the time of writ- 
ten documents. 

Literature.—A complete list of the 
published contributions to the knowl- 
edge of the soybean numbers about 
1,200 titles, printed in many languages 
and in numerous journals. Only the 
more important are cited in this book. 

Use by the Chinese and Japanese.— 
Among the Chinese and Japanese the 
soybean has been a crop of prime im- 
portance since ancient times. To a 
great extent it helps supply the popu- 
lation with the nitrogenous food needed 
in the diet. Besides it is one of the 
few plant seeds that contains both 
of the vitamines necessary to life in 
higher animals including man. To a 
large extent the soybean is eaten by 
Oriental peoples in the form of fer- 
mented products, and only toa limited 
degree or in certain localities in the 
way that Occidental people consume 
‘ beans. This custom has led to the idea 
Fic. 2.—Plant of wild soybean, that the soybean was not very suitable 

for human food when prepared in the 
manner of ordinary beans. The fact was overlooked that the 
Mongolian peoples prepare all kinds of beans intended for food by 
elaborate methods practically unknown to western peoples. Such 
complex products of the soybean did not justify the conclusion 
that the bean was not a good food when prepared in simple 
ways. The recent large use of the soybean for human food in 
both Europe and the United States has dispelled to a great 
degree the erroneous ideas formerly held concerning its desirabil- 
ity for human consumption. 
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Present Importance.—At the present time the soybean is a 
crop of large importance in Japan, Manchuria, Mongolia and 
Korea; of increasing importance in the United States and a few 
areas in Europe; of promising value in South Africa, Argentina, 
Australia and Northern India. The actual extent of its present 
commercial value is discussed later in detail. 

The total area of soybeans for seed production in the United 
States in 1920 according to acreage estimates of the United States 
Department of Agriculture was 190,000 acres. It is estimated 
that not more than 20 per cent. of the soybeans are harvested 
for seed, the greater per cent. of the acreage being utilized for 
forage, pasture and ensilage. On this basis, the total acreage 
of soybeans grown in 1920 would be 950,000 acres. 

The different states in order of their soybean acreage for seed 
production for 1920 are as follows: 


TaBLE i.—ACREAGE, PRoDUCTION AND YIELD TO THE ACRE OF SOYBEAN 
SEED IN THE UNITED States! 


Acreage Production Yield to Acre 

State 3 4 3 ari sel oo 

se | o3 | #3 A A She | Pe 

as aS ao S os os Sila] «6 

ms ma “a nN om al AQ onl nl 

s s a tee | 2 
N. Carolina..... 91,000) 96,000 85,000; 1,638,000) 1,373,000) 1,700,000/18.0.14.3)20.0 
Wargo vo 30,000) 30,000; 28,000! 570,000} 555,000} 630,000/19.0)18.5/22.5 
Alabama....... 23,000 7,000; 11,000 228,000 59,000 110,000} 9.9} 9.4)10.0 
Tinois: 62.00% - 8,000 6,000 5,000 92,000 60,000 65,000}11.5,10.0)13.0 
HID. er Silene 8,000 6,000 2,000 64,000 42,000 14,000] 8.0} 7.0) 7.0 
Kentucky..... 8,000 7,000 7,000 120,000 105,000 84,000/15.0)15.0)12.0 
Missouri.......; 7,000 7,000 5,000 133,000 98,000 40,000/19.0)14.0}) 8.0 
Tennessee...... 5,000 5,000 2,000 50,000 40,000 10,000}10.0} 8.0) 5.0 
Wisconsin...... 4,000 2,000 1,000 28,000 15,000 8,000) 7.0) 7.5] 8.0 
UT AN 62) yee 3,000 3,000 1,000 42,000 36,000 15,000}14.0)12.0/15.0 
Georgia........ 2,000 2,000 1,000 22,000 20,000 11,000)/11.0/10.0)11.0 
Pennsylvania...|....... 2,000 SOOO hats in aiee 36,000 34,000)... .|18.0)17.0 
8. Carolina..... aes ister 1,000 a 6,000 6,000)... .| 6.0] 6.0 
Mississippi...... 1,000 1,000 8,000 15,000 15,000 120,000)15.0/15.0)15.0 

a VE ero RA ee TEE OH viele ton vt U7 MOON. irs vs se we aid 

United States...) 190,000! 175,000! 169,000) 3,002,000) 2,460,000) 3,024,000/15.8)14.1,17.9 


Future Prospects in the United States.—The soybean has been 
a farm crop in the United States of some importance since about 
1880, and used mainly as a forage crop. Even for this purpose 
it has increased steadily in favor as revealed by the increasing 
acreage from year to year. As a forage crop alone it is not likely 
1Monthly Crop Reporter, v. 6, no. 12, Dec., 1920: 144. 
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that the soybean would become one of the major field crops in 
the United States. The reasons for this are two fold. 

First.—The high yielding capacity of the soybean and the cheap- 
ness of harvesting the seed, ‘in both which respects soybeans 
excel other legumes. The seeds and the numerous manufactured 
products thereof furnish very valuable human foods, which is cer- 
tain to be used extensively if for no other reason than their 
cheapness. Of more immediate importance are soybean oil and 
soybean cake. Extensive data show that the United States can 
successfully compete with the Orient in raising soybeans because 
the use of machinery counterbalances the cheaper Oriental labor. 
The market demands for vegetable oils and oil meals are far 
greater than the supply and there is no reason to expect that 
the supply will exceed the demand. 

Second.—In general the soybean proves to be a more profitable 
crop than oats, the crop which it will mainly replace in Corn Belt 
rotations. This in itself would seem to assure a very large and 
rapid increase in soybean acreage. Incidentally the fact of the 
soybean being a legume will probably make its effect on the 
succeeding crop more favorable than is the case with oats. 

Recognition of the Possibilities—The large recent increase 
in acreage of the soybean especially in the Corn Belt has already 
stimulated manufacturers to take advantage of the industrial 
uses of the crop. American factories are now producing from 
the soybean, oil, meal, flour, biscuits, milk powder, chocolate, 
soy sauce, and special foods for infants and invalids. The oil 
mills in the Corn Belt are prepared to crush in 1922 great quanti- 
ties of soybeans. One of them figures at a minimum of 150,000 
tons; another 125,000 tons. North Carolina mills will also 
crush soybeans in 1922. The prospects are however that the 
1923 acreage planted to soybeans will be very greatly increased, 
which in itself will require that a larger amount of seed be held 
over for planting. 


CHAPTER II 


THE COMMERCIAL STATUS OF THE SOYBEAN 


The trade in soybeans prior to 1908 was largely confined to 
Oriental countries, particularly China, Manchuria, and Japan. 
Since that time there has been a rapidly increasing importance of 
the seed and the commercial products thereof in the world’s 
trade. The European War, 1914-1918, interfered greatly in the 
normal evolution and development of this trade, but there can 
be no doubt that under peace conditions it will continue to grow 
in importance. The statistics of production and commerce are 
somewhat fragmentary but nevertheless illuminating. 

Manchuria and China.—Manchuria produces at the present 
time (1921) larger quantities of soybeans that all other countries 
combined. The bean trade was an ancient. and flourishing 
institution when the ports of China were first opened to the 
commerce of the western world. In 1835 Newchwang (Fig. 3) 
was an important port of shipment for the great coastal trade in 
beans, bean cake and oil with the ports of the southern provinces, 
Java and other tropical regions. For a few years after the open- 
ing of the customs at Chinese ports in 1865, the trade in beans 
and bean products developed rapidly but until 1891 its progress 
was more or less erratic, due to combinations of disturbing 
factors in Chinese commercial history. 

After the China-Japan war in 1894, the bean trade developed 
rapidly, and in 1900 was firmly established. Prior to the Russo- 
Japanese war in 1904, soybeans and their products were exported 
almost entirely to Asiatic countries, Japan being the principal 
consumer. During this war, the local demand greatly increased 
the production of the crop throughout Manchuria. After the 
withdrawal of the troops, however, it became necessary to find 
new markets for the surplus beans. ‘Trial shipments were made 
in about 1908 by Japanese firms to several English oil mills. 
The suitability of the seed for oil and oil cake was quickly 
recognized, and orders for large consignments were made. The 
bean trade grew rapidly, extending to other European countries 


and to America. 
5 
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That the development of the bean trade will continue to expand 
seems highly probable. The agricultural population of Man- 
churia is rapidly increasing under Government encouragement. 
New railways are being built, opening the way to the promotion 
of the older regions to the fullest capacity and besides developing 
other regions. Moreover, the soybean in Manchuria is raised 
under ideal climatic conditions and by very cheap labor. The 


Fia. 3.—A fleet of junks engaged in carrying soybeans to Newchwang, 
Manchuria, from different points in the interior, taking away bean oil and bean 
cake to other places. (Photographed by F. N. Meyer.) 


competition to secure the bean and its products in Europe and 
America indicates that the trade is upon a firmly established 
basis. 

Acreage and Production.—From available statistics it is shown 
that in 1914, northern Manchuria had under cultivation of beans, 
2,248,561 acres and southern Manchuria, 1,082,496 acres, making 
a total of 3,331,057 acres for Manchuria. According to a report 
of the American consul at Mukden, the 1921 crop of soybeans 
in Manchuria was 4,520,000 tons, and in inner Mongolia 431,000 
tons. No statistics are available for showing the acreage devoted 
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to the culture of soybeans in China. The first careful estimate of 
production of soybeans in Manchuria was made in 1900 by Sir 
A. Hosie (1904) who calculated the amount at 600,000 tons. 
Other than this estimate and the later estimates from the reports 
of the British and American Consuls and the South Manchurian 
Railway, scarcely any data are available on the production of 
beans in Manchuria. The following table shows the estimates 
of the bean production for various years obtained from American 
and British Consular reports. 


Tasie IJ.—Esrimates or SoyBEaAN PropucTion or MANCHURIA FOR 
Various YEARS 


1906, 
tons 


1907, 
tons 


1908, 1909, 
tons tons 


1921, 


tons tons tons tons 


1910, 1913, | 1914, 


600,000 | 600,000 | 1,150,000 1,180,000 | 1,400,000 | 1,200,000 | 1,150,000 | 4,520,000 
to 
900,000 | 


Cost of Production.—Reliable statistics as to cost of production 
and yield of beans per acre in Manchuria are not available. 
According to data secured from bean growers in the vicinity of 
Mukden by the American Consul in 1910, the approximate cost 
per acre is placed at $4.42, as shown in the following table: 


Tase III.—Cost or PRopucTION oF SOYBEANS PER ACRE IN MANCHURIA, 


1910 
U. 8S. Goxp 
Streaks GS too GE on eee ee $0.48 
MEROT ee Pt ee fot cra tied pas Web ore seis v8 FP uephat 1.44 
1 UTE AST eet cas bees I, So ar ae ee a 1.68 
PiarilateiKaee ora rt at tie rds Oise oss are ara dew'g x 0.05 
SCHOMMANG DOHC TAKee as ayer foes, Ass ahem ole ei ai5 0.29 
CartacorandnorseneeO otk. ceed as vuole utils bo es 0.48 
DL Cys ae Ee ert ey cin iisiausis"a ees vv hs bres, Seve $4.42 


With an average yield of 22 bu. to the acre around Mukden, 
the average cost per bushel would be 20 cents, U. S. Gold, or 
$6.68 per ton, which was reported to BSpreeent the total cost laid 
down at market at that time. 

Methods of Marketing.—About 80 per cent. of the bean dealers 
in Manchuria purchase the beans in the growing districts, the 
remaining 20 per cent. buying in the various markets. In 
recent years there has been a growing tendency to establish 
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collecting centers for accumulating the beans. At Mukden the 
beans are mostly brought in by the growers themselves (Fig. 4) 


Fira. 5.—Chinese bean cart loaded with beans in Manchuria. 


and are sold to the highest bidders, provided the beans have 
not been contracted for before the harvest. In most of the grow- 
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ing districts, certain places are recognized as collecting centers 
to which the bean growers bring their products by cart (Fig. 5) 
and sell them to the collectors who are sometimes local traders 
and sometimes agents of large dealers. The collectors transport 
the beans by rail to the large dealers in the cities. No grading 
of beans is attempted by the small collectors, the stored beans 
being of all varieties and mixed more or less with sand and trash. 
The exporters buy the beans simply by weight, but before 
shipment the beans are sorted. 

In south Manchuria the beans generally pass through only a 
few hands from the growers to the collectors located in the pro- 
ducing districts; and from them to the large handlers who may 
sell them to the bean mills or to exporters. However, beans 
from distant districts or north Manchuria may pass through 
many hands. 

In some instances, money is advanced by the buyers on grow- 
ing crops. In most cases such advances are made to the farmers 
who cultivate rented lands and are, therefore, not well off finan- 
cially. In return for advances, the farmer contracts to sell his 
beans at from 10 to 20 cents less than the normal value on 
each 40 lb. The bean growers who farm their own land, 
are as a rule richer and do not require any financial advances. 

In the larger bean markets of Manchuria, such as Mukden, 
Newchwang and Changchun, the native dealers speculate more or 
less in beans. In some cases the buyers collect large quantities 
and hold them for higher prices; in other cases they speculate on 
growing crops by selling on a forward or future contract in which 
they will often agree to sell beans for future delivery at a price 
cheaper than the market price prevailing at the time the contract 
is made. In future contract deals, the buyer is generally required 
to pay 8 per cent. on the full contract price for the beans, the 
seller in return furnishing the buyer with an adequate guarantee 
for delivery These methods of buying and selling beans are 
confined to large dealers and do not as a rule directly affect the 
grower. 

The sale of beans in the interior of Manchuria is generally con- 
ducted on a strictly cash basis. However, in such places where 
the agents of the larger bean firms sell foreign and Chinese goods, 
these goods are often sold on credit against the growing bean 
crops, in which case the prices of the goods thus furnished are 
somewhat higher than the ruling market quotations, as the buyers 
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wish to obtain sufficient profit to cover the interest on the money 


invested in the goods. 
The facilities for transporting beans from the grower to the 


market are very poor and no important changes have yet been 


Fig. 6.—Type of cart and method of hauling soybeans in Manchuria. 


made in the routes over which beans are brought. The beans 
are not moved by the grower until the roads are frozen or snow 
has fallen, leaving the farmers to bring them across country 


Fie. 7.—In winter the Manchurian farmers haul the bean crop to market on 
sleds. 


by cart (Fig. 6) or on sleds (Fig. 7). Very often the movement 
of beans is delayed on account of the lateness of freezing or of 
sufficient snow, thus causing considerable fluctuation of prices 
in the bean market. 
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Oil and Cake Industry.—In Manchuria the manufacture of oil 
and oil cake is not confined wholly to large cities, as every small 
center of bean production has its native mill in which the method 
of extracting the oil is decidedly primitive. The mills now in 
operation in the large centers of production include Chinese 
steam mills, Japanese hydraulic mills, small oil motor mills, 
solvent extraction mills, and crush-stone mills worked by 
animals. At Newchwang, 22 mills produced in oil for the years 
1907, 1908 and 1909, 18,662, 21,328 and 23,994 tons respectively; 
in cake, 193,018, 220,745 and 248,333 tons respectively. At 
Dairen, 40 native mills turned out 5,000 oil cakes daily, while 
two large modern hydraulic mills produced 4,000 oil cakes daily. 

The following table gives the monthly production of 11 oil 
mills situated at Newchwang. 


Taste [V.—Monruty Capacity oF Steam Orn Minis at Newcuwana, 
Mancuoria,! 1917 


Name of No. of Oil, Cake, 

oil mill : presses (pounds) (pounds) 
ahlainChame aeons, ade se ck | 150 719,820 17,995,500 
sus Wy a8 21 01 Yaa teed oe Cea | 60 279,930 5,998,500 
Ear SEITE UNE oie eis wm ener de 40 191,952 4,798,800 
Tumie Sune Mao. tee eos 5 ee 100 479,880 11,997,000 
TG Revie Obs Okie te ae ay 6, ct oR aOR ae 60 279,930 7,198,200 
1B Fthayear ets yt beg 2G0<) (ona See eee 60 279,930 7,198,200 
Dither SINC ee ein hee Seis pa,s vs 50 239,940 5,998,500 
LQ EUR TAG) ararseete ter vive tv sho! crake a ehh ea 40 191,952 4,798,800 
STEER fed 2 0 oe 40 191,952 4,798,800 
Elgirig UMA Oee Une yer a eter. alert 30 143,964 3,599,100 
Kodera Yokom anc sete ess les s 20 479,880 | 11,997,000 


The oil and cake industry has gradually increased through- 
out Manchuria, this being due largely to the exportations to 
Europe and America. The bean oil industry has developed very 
rapidly and in view of the increasing demands for vegetable oils 
no doubt will become much greater. 

The methods of conveying oil from Manchurian ports to foreign 
countries are for the most part at present not satisfactory. The 

1 Report by the Consul General on Bean Production in the Mukden 
Consular District. 
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bean oil is now carried in old kerosene oil tins, in drums or in 
casks. Much complaint is made of loss by leakage with the 
drums, while the casks are not so suitable for storing as tins in 
cases. The solution of the problem of carrying oil apparently 
is the tank steamer, which would carry the bean oil as a return 
cargo. 

Exports.—Statistics on exports from Newchwang show that 
in 1864, 54,386 tons of beans, 56,119 tons of cake and 488 tons 
of oil were exported in that year. In 1867, these figures had 
risen to over 66,500 tons of beans, 77,514 tons of bean cake, and 
1,533 tons of oil. 

The ports of Antung, Dairen and Newchwang are the principal 
centers of export from southern Manchuria. The exports of 
beans, bean cake and bean oil passing through these ports for 
the years 1909 to 1913 inclusive, are shown in the following 
table: 


Taste V.—Exprorts oF SOYBEANS, BEAN CAKE, AND BEAN OIL FROM THE 
PrincipaL Ports or SoutH Mancuurta, 1909 to 1913, INcLUsrvE! 


Exports and Ports 1909, tons 1910, tons 1911, tons 1912, tons 1913, tons 


Soybeans: 
Antung........ 1,643.4 136.1} 4,591.5] 3,639.8) 5,225.6 
Dainen: = ea eer 512,469 .0| 359,665 .3| 268,732 .4| 182,628.6) 169,300.8 
Newchwang....| 237,020.6) 174,562.7| 154,187.3] 129,985.1| 105,341.8 
TNotaleeer es: 751,133 .0| 534,364.1) 427,511.2} 316,253.5| 279,868 .2 
Bean cake: 
Antung=e: 5-5 16,349.6) 12,054.0} 38,166.5; 40,111.1| 42,322.2 
Dairen.. 5. 318,825.5) 277,423 .7| 463,546.2| 378,722.7| 566,135.7 
Newchwang....| 356,499.4/ 327,098 .5| 386,599. 1/-282,877.9| 298,364.60 
Total west 691,674.5) 616,576.2| 883,311.8] 701,711.7| 906,821.9 
Bean oil: 
ATEUITI See 92.7 149.6 365.7) 558.4 192.1 
Dalirenaaases 10,850.3) 18,753.2| 33,729.7| 37,466.7| 43,392.3 
Newchwang....| 37,875.2) 21,356.2) 28,039.1) 21,826.2) 20,752.9 
MiotallsS 0.22: 48,818. 2| 40,259.0| 62,134.5 59,851.3] 64,337.3 


1 Compiled from U. 8. Dept. Com., Daily Cons. and Trade Rpts., No. 115, 
p. 922, May 16, 1914. (Hanson, G. C. Manchuria’s soybean trade.) 
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Beans from north Manchuria are exported chiefly through 
Vladivostok. The export figures for the years 1912 and 1913 
amount to 338,451 tons and 391,410 tons respectively. Adding 
these quantities to the exports of south Manchuria, gives 654,705 
tons for 1912 and 599,278 tons for 1913, which may be taken as 
representing the total exports of beans from Manchuria for these 
two years. 

Japan.—In production and utilization, the soybean occupies 
a most important position among the various legumes grown for 
seed in Japan. It is extensively cultivated from Hokkaido 
province in the north, to Formosa in the south. The data 
relative to the production and commerce of the soybean and soy- 
bean products in Japan are more extensive than for China and 
Manchuria, and furnish rather valuable information parte 
the importance of this crop. 

Acreage and Production.—The soybean is grown by the Japan- 
ese farmers mainly for grain and not to any considerable extent 
as a green manure crop. The average annual production 
of seed is about 18,000,000 bu. The following table shows 
the acreage and production in Japan during the decade 1897 
to 1919. The principal bean-producing provinces are Hokkaido, 
Ibaraki, Saitama, Iwate, Niigata, Nagasaki and Kumamoto, 
but there is no province where the annual production does 
not exceed 50,000 bu. The province of Hokkaido has the 
largest acreage and produces the highest quantity and _ best 
quality of beans. 


Taste VI.—Frive-yEar AVERAGES OF ACREAGE, PRODUCTION AND YIELD 
PER ACRE OF SOYBEANS IN JAPAN! 


Five-year periods | Acreage, acres | Production, bu. Yield per acre, bu. 
1897-1901 1,129,000 17,112,000 15.16 
1902-1906 1,124,000 17,137,000 15.26 
1907-1911 1,183,000 18,268,000 15.42 
1912-1916 1,153,000 17,584,000 15.25 
1917-1919 1,072,000 18,163,000 16.46 


Utilization —The soybean forms one of the most important 
1 Twentieth Financial and Economic Annual of Japan, 1920. 
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articles of food in Japan. It is one of the principal ingredients of 
soy sauce, miso, tofu and natto. The beans are eaten boiled or 
baked or in powder form for soups. Sometimes they are picked 
green, boiled and served cold with soy sauce, and sometimes as a 
salad. A vegetable milk is also produced from the bean forming 
the basis for the manufacture of vegetable cheese. The milk 
is not only used in the fresh state, but a form of condensed milk 
is also manufactured from it. All these foodstuffs are used daily 
in the Japanese homes. For the poorer classes they are the 
principal source of protein and considered indispensable as arti- 
cles of food in the diet. Owing to their large utilization as human 
food, the domestic soybeans are used only to a limited extent 
in the feeding of live stock. To supply the protein ration for 
animals deficient in that nutrient, the beans are sometimes boiled 
and fed mixed with straw, barley and bran. The beans, espe- 
cially those imported from China and Manchuria, are used exten- 
sively in the production of oil and cake. The oil is used as an 
article of diet and for various technical uses, while the residue or 
bean cake is used extensively as a fertilizer and as a cattle 
feed. 

Cost of Production and Market Prices——Accurate data as to 
cost of production are not available, but estimates made by 
Japanese agricultural experts, place it about $10.00 per acre, 
exclusive of taxes, or about 65 cents per bushel. 

The beans produced in Japan are considered to be superior in 
quality to those of Manchuria and Chosen (Korea) and are used 
exclusively in the manufacture of food products. Prior to 1914 
the prevailing wholesale price of domestic beans in Japan was 
about $1.00 per bushel while for imported beans it was about 70 
cents per bushel. 

Imports.—Japan has always been a large consumer of soy- 
beans from China and Manchuria, the greater part of the beans 
being used in the manufacture of oil and bean cake. In amount 
and value the importation of soybeans is second only to rice. 
The amounts and values of soybeans imported are shown in 
table VII for the years 1903 to 1907 inclusive, and 1911 to 1914 
inclusive. 
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TaBLeE VII.—Amounr anp VaLur or Soysnans Importep By JAPAN 


Year 


1903! 
19041 
1905! 
1906! 
1907! 
ie A ke 
1912? 
1913? 
1914? 


Quantity, tons 


146,971 
144,231 
193,479 
176,040 
177,365 
162,703 
103,416 

90,651 
139,222 


Value 


$3,184,540 
3,558,133 
4,915,128 
4,504,086 
4,792,161 


The bean cake manufactured in Japan forms only a small 
proportion of the total used by Japanese farmers. Large 
amounts of bean cake are annually imported as shown in the 


following table. 


amount among imported fertilizers. 


Previous to 1903, bean cake was the largest in 


Taste VIII.—ImportaTIoNns or SOYBEAN CAKE AND BEAN OIL INTO JAPAN 


Soybean cake 


Soybean oil 


Year Percentage of 
import of bean 
Quantity, tons Value cake against the Quantity, tons 
total import of 
other fertilizers 
19033 216,198 $3,807,685 57.8 
19045 70,595 1,629,100 32.3 
19053 225,180 4,525,043 40.5 
19068 289,459 6,458,330 
19072 367,210 8,715,489 44.8 
19114 OT Oc NY bank. Gaels 9,340 
19124 BOL MOD un ta sine ic eee 10,889 
19134 4GZ.OSGir et | ca. bn 3,964 
19144 BA OBO We fereei hin 4,107 


Exports.—In addition to supplying domestic demands, Japan 
has exported beans, bean oil, miso (bean cheese) and soy sauce 


1 Agriculture in Japan, Department of Agriculture and Commerce, 
Agricultural Bureau, 1908, p. 227. 

2 Compiled from Dairen Wharf Office Returns, 1911-1914. 

3 Agriculture in Japan, Department of Agriculture and Commerce, Agri- 


cultural Bureau, 1908, p. 228. 


4 Compiled from Dairen Wharf Office Returns, 1911-1914. 
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in large quantities to American and European countries as shown 
in the following tables. The exports of beans and bean oil have 
only become of importance since the development of the American 
and European trade. Prior to 1914, soybeans were not listed 
separately. 


TaBLe 1X.—QUANTITY AND VALUE OF Exports OF SOYBEANS AND SOYBEAN 
Or FrRoM JAPAN TO ForEIGN CounrTrigs, 1913 anp 19141 


Soybeans Soybean oil 
Country of destination 1914 1913 1914 
haga 2 Value Gasneys Value ame ee Value 

China attrac one 62,820 $ 1,372 220,155 | $11,328 184,104 | $ 10,198 
United Kingdom........ 589 21 214,491 11,570! 1,019,854 48,687 
Brance's jars 57 Sacer eestcyshotns |) gdeasrse te Ul gees 73,890 3,907 
Germany... soxoues neers i arelctae sll) vakaeee 66 2 10,979 | “588 
Belgium: < (alcece niece) oarena tas beta 69,057 3,405 333,735 16,573 
United States........... 421,011 10,125 658,393 34,386 365,478 19,393 
awatit.csannce ne 203,560 5,296 
British America.........| 246,175 4,540 56,218 3,234 69,652 3,196 
(AUBEEALIG nets clothe de cieieh vet 18,070 475 587,413 30,101 120,240 748 
Other countries......... 20,967 POE cokes eualevect uh sete Wers 274,080 18,542 

Total enc cia sre Peeks 973,192 22,333 | 1,879,683 97,933 | 2,378,122 117,925 


TaBLeE X.—QUANTITY AND VALUE oF Exports or Miso (BEAN CHEESE) 
AND SHoyu Saucer, 1903 to 1907 INcLUSIVE? 


Miso (bean cheese) Shoyu sauce 
Year 
Quantity, lb. Value, Quantity, Ib. Value 

19038 2,204,521 .00 $ 34,647 5,922,357 $204,959 
1904 4,884,691 .68 88,880 7,892,802 276,837 
1905 | 7,503,650.00 132,652 12,506,892 440,076 
1906 - | 5,923,855.00 111,020 12,425,367 476,176 
1907 6,863,953 . 00 135,833 | 13,210,743 541,425 


Europe.—While many earlier attempts had been made to 
introduce the soybean and its products into European countries, 

1 Compiled from Annual Return of the Foreign Trade of the Empire of 
Japan, 1914. 


? Agriculture in Japan, Department of Agriculture and Commerce, Agri- 
cultural Bureau, 1908, p. 227. 
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it was not until about 1908 that the bean received serious 
consideration as a product of economic importance. About 1900, 
however, soybeans were imported by an English firm as, on 
account of their being practically free from starch, it was 
thought they would make an excellent food for patients suffering 
with diabetes. Germany and Holland also imported small 
amounts of soybeans for the same purpose and many special food 
products were manufactured by firms in these countries. 

Growth of the Trade——Owing to the inferior quality of the 
product received, due principally to the poor shipping conditions, 
the first attempts to introduce the soybean as an oil seed were 
generally unsuccessful. The first large importation of beans, 
400 to 500 tons, was made in 1907 by a crusher at Liverpool, the 
beans being shipped from Hankow and delivered at Liverpool 
at a cost of $50.00 per ton. It was found that an oil valuable 
to soap manufacturers could be produced and that the by-prod- 
ucts, cake and meal, both high in protein, could be utilized 
by manufacturers of mixed feeds. 

After 1907 importations gradually increased and the beans were 
received in much better condition than those of the first trial 
shipment. At this time also, impetus was given to the manu-- 
facture of soybean products by a shortage of cottonseed and 
linseed. In February 1908, a cargo of 9,000 tons of beans 
was received at Hull, the selling price of the beans being $32.00 
per ton, C.I.F. It was found by importing in cargo lots, the 
price was lowered $4.40 per ton. In June 1909 beans sold for 
$28.75 per ton but by January 1910 had risen to $41.00 per ton. 

At first England enjoyed the monopoly of trade in soybeans. 
Nearly all of the first large importations of beans were taken by 
England where many of the large oil mills devoted their plants 
entirely to the crushing of soybeans. Several of these mills 
conducted series of tests, demonstrating the value of the cake, 
meal and oil. 

Utilization of the soybean as an oil seed extended rapidly to 
other European countries. The fact that they were called 
beans, prevented them from having a wider market at the 
beginning of the large importations, since in Germany, France 
and Austria, oil seeds were on the free list, but beans were 
subject to a tax. These countries realizing the importance 
of the bean, soon placed it on the free list and the monopoly in the 
trade of soybean products was taken from England, 
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Extent of the Trade——The importations of beans from Man- 
churia and Japan soon reached enormous proportions. In 
1909, 412,757 tons; in 1910, 442,669 tons; and in 1911, 321,940 
tons of beans were imported by European countries. That the 
soybean and its products became important competitors of 
other oil seeds and their products is shown in the following table: 


Taste XI.—QuantTiITy AND VALUE OF Imports or SoyBEANS, BEAN CAKE, 
AND Bran Or BY EvropEAN Counrriss, 1912 Tro 1914, INcLusivE! 


1912 1913 1914 
Product and country 
Quan- Quan- Quan- 
tity, Value tity, Value tity, Value 
tons tons tons 
Soybeans: 
United Kingdom....| 188,760] $7,630,477} 76,452) $3,093,863) 71,161 | $2,886,759 
Germany........... 96,068 3,974,837] 107,504 3,974,838] 12,843 480,401 
Netherlands........ 42,373 1,592,690) 27,119 1,019,317] 19,308 725,721 
Russia Peis cose 695 30,250) 267,036 6,461,739 1 
Belgvulas sees ee 1,625 61,095 6,438 199,684 1,002 37,564 
Denmarks......-..5 412 14,035 4,425 115,975 8,187 357,434 
PT ATCC feccieevoge te linus wishes all msecieel cust © 34,318 918,008 
Totals sine s-ncote 329,933 | $13,303.384 | 523,293 | $15,783,424) 112,501 |$4,487,879 
Soybean cake: 
Netherlands........ 23,852 836,269 7,230 250,459 1,235 43,964 
Germany........... 7,080 252,912 3,260 111,015 1,201 41,258 
ARUSBLA sorties esate nes 2,059 72,136] 21,969 396,944 195 6,507 
Denmark. ........ 55 7,620 252,834} 15,490 520,857 4,964 164,332 
Totallos ccna ie FO Oly 1,414,151] 47,949 1,279,275 7,595 256 ,061 
Soybean oil: 
Netherlands........ 4,558 250,422 2,828 154,691; 10,015 547,820 
Belgium, .snn + ae 2,082 278,569 363 45,389 137 16,957 
Ttaliysceaie cies oscchst ass 2,252 356,006 4,642 735,490 5,830 953,403 
Sweden... 05+: cre 1,116 154,434 578 78,491 313 41,867 
AMBtrias vapis sscharaens 617 99,797 1,314 206,078 1,395 224,565 
Germanyicaetauce: 10,902 1,450,134 3,090 396,032 2,459 296,966 
Wramcorn,acwene cen 1,693 249,486 83 11,397 208 26,917 
FR UISSLS St ius ffs ccteate e AliMorseiteeseeey mere teen 5,150 508,076 
United Kingdom....||....... a Ree 95 11,570 455 48,687 
SCOtal dis ase steele ee eeO 2,838,848) 18,148 | 2,147,214) 20,812 2,157,182 
| 


Utilization.—The principal use of soybean oil at first was in 
the manufacture of soft soaps, as it was found that the oil did 
not chill easily and was difficult to handle in making hard soap. 

‘Complied from Koninkryk der Nederlanden, Statistiek van den in-, uit- 


en doorvoer; Annual Statement of the Trade of the United Kingdom with 


Foreign Countries and British Possessions; Statistik des Deutschen Reichs, 
Auswartiger Handel. 
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However, some European soap manufacturers soon claimed 
to have found a secret process by means of which they could 
utilize the oil in the manufacture of the best grades of hard 
soap. Other uses were found for the oil and it entered largely 
into the manufacture of butter and lard substitutes and 
edible oil. 

Soybean cake or meal in the beginning of the trade found its 
largest outlet in Denmark, about 150,000 tons having been pur- 
chased from English oil mills in 1910. The trade in the cake 
or meal extended rapidly to Sweden, Norway, Holland and the 
northern part of Germany. The United Kingdom is 
not a large user of the bean cake. It is however used to a con- 
siderable extent by Scotch farmers and to a small extent 
by Irish and English farmers. The cake manufactured into a 
flour, has gradually assumed an important place as a foodstuff 
and as such is utilized in many European countries. 

United States.—The soybean was introduced into the United 
States as early as 1804, but it is only within recent years that it 
has become a crop of much importance. Until recently it has 
been grown primarily as a forage crop, although a constantly 
increasing demand for the seed has led to the development of 
very profitable soybean seed industries in many sections of the 
cotton and corn belts. The extensive area over which the soy- 
bean can be profitably grown, the large yield of seed, the ease of 
growing and harvesting the crop, the value of the beans for both 
human and animal food, and the increasing demand for vegetable 
oils, all tend to give this crop a high potential importance and 
to assure its great agricultural development in America. 

Manufacture of Oil and Cake.—Following the marked success 
in the utilization of the soybean as an oil seed in European 
countries, interest in the possibilities of the oil and meal became 
manifest in the United States. Soap and paint manufacturers 
in their search for new oils, conducted extensive experiments with 
soybean oil which soon led to large importations of the oil from 
Asiatic countries and Europe. ‘The first extensive work in the 
United States with the soybean as an oil seed was entered upon 
about 1910 by an oil mill on the Pacific Coast. The beans 
containing from 15 per cent. to 19 per cent. oil were imported 
from Manchuria and the importations, most of which are used in 
the manufacture of oil and cake, have gradually increased, as 
shown in Table XIII. 
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Although efforts have been made for several years to interest 
the cotton-oil mills of the South in the possibilities of American 
grown soybeans, no extensive work was entered upon until 
the latter part of 1915. A shortage of cottonseed in the South 
and a surplus of soybean seed in the seed-producing centers led 
to an increased interest in the soybean as a source of oil and cake. 
Several cotton-oil mills after preliminary tests, entered upon an 
extensive production of soybean oil and meal, crushing about 
100,000 bu. the first season. During the seasons of 1917 
and 1918, only a small quantity of domestic grown beans was 
crushed for oil, this being due principally to the high price of the 
seed which was in large demand for food and planting. Very 
large quantities of soybeans, however, during these seasons 
were imported from Manchuria and utilized by the cotton-oil 
mills throughout the South. 

The use of soybean oil has become firmly established, the 
largest quantities being used by manufacturers of soap, paints, 
lard and butter substitutes. The cake or meal is being used 
extensively as a cattle feed and also as an ingredient of fer- 
tilizer, much the same as cottonseed meal When the value 
of the meal becomes properly appreciated for the production 
of beef and butter, there will be practically an unlimited demand 
for it as a feed In the dairy countries of Europe, oil meals 
form a most important part in the stock rations. Denmark 
feeds more than a tenth of a ton of cottonseed cake (besides 
other kinds of oil cake) per head of cattle per year. If the cattle 
in the United States were to be fed at the same rate, the total 
oil cake or meal of all kinds produced in this country would be 
insufficient to supply the demand. 

Soybean oil will doubtless become a strong competitor of 
other vegetable oils for which the demand is constantly increas- 
ing, both in this country and in Europe. 

Use as Food.—Numerous food industries have developed in 
recent years, in which the soybean is utilized in many ways. 
The canning factories in various parts of the country have packed 
many thousands of bushels of American grown beans as baked 
pork and beans. The matured beans have been placed on 
sale in most of the large cities as dried beans, and used in the 
same manner as the navy bean. Soybean flour has become estab- 
lished on the market, although at the present time principally 
as a special food. In some of the Pacific Coast states, however, 
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the flour has been placed quite generally on the market and can 
be as readily procured as corn meal, graham flour, and the like. 
Soy sauce is now being manufactured in a few places on a small 
scale. Various other food-stuffs are in course of manufacture 
with a view of utilizing the high nutritive value of the bean. 
Prices, Competition and Imports.—It seems quite evident 
that the American planter can compete on European and home 
markets with the Manchurian market at the prices prevailing 
the past few years, although the cotton-oil mills estimate that 
the soybean under normal conditions cannot be worked profitably 
at a much higher price than $1.00 per bushel and then only when 
the price of cottonseed is dearer. Available statistics in Table 
XII show that the oil mills in Europe have been paying in many 
instances, higher prices for soybeans than for cottonseed. 


Tasie XII.—ComparativE Prices PER TON or CoTroNsEED AND Soy- 
BEANS IN EurRoPpEAN Markets, 1911 To 1914, INcLusIvE 


1911 1912 1913 1914 
Country 

Soy- | Cotton-| Soy- | Cotton-| Soy- | Cotton-| Soy- | Cotton- 

beans | seed beans seed beans seed beans | seed 
United Kingdom..... $35.18] $35.86) $40.42) $37.07) $40.47] $36.76) $40.57] $33.63 
Carma orcene » sxe 37.48| 38.78) 41.37) 39.77) 36.97| 40.37) 37.40 

| | 
A VOTRRG Koo a>» alk $36.33) $37.32) $40.89) $38.42) $38.72) $38.56 
| | 


Although the selling price, F.O.B. Manchuria ports ranges from 
$30.00 to $55.00 per ton, the transportation under normal con- 
ditions makes the price approximately $40.00 at American and 
European ports. If the American grower can raise the beans 
profitably at $1.00 per bushel of 60 Ib. the higher yields 
of seed obtained and the planting and harvesting of the crop by 
machinery in the United States should enable him to compete 
with the Manchurian product, not only on the home market, but 
also on the European market. 

The possibilities of developing a great manufacturing industry 
with American grown seed are excellent. The large annual 
importations of soybeans, oil and cake into the United States 
as shown in table XIII seem to indicate a most ready market 
for these products. 
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Taste XIII.—Quantiry AND VALUE or SoyBEANS, SOYBEAN CAKE, AND 
SoyBran Orn ImporTEeD INTO THE UNITED Sratzs, 1910 To 1920, 


IncuustveE! 
Soybeans Soybean cake Soybean oil 
Year 
Quantity, Value Quantity, Value Quantity, Value 
lb. lb. lb. 

POLO TO orcas ceed U Gectere Bice: eterna ene ne Shea Not stated |$ 1,019,842 
£9179 Maes AIH secs 2,115,422? | $ 59,626 41,105,920 2,555,707 
TF PD liar corso Mill Sars eaten 2,416,0522 64,350 28,019,560 1,576,968 
TOUS. > Voaree stor EP ta eI 7,004,803 93,002 12,340,185 635,882 
1914 1,929,435 $ 49,507 3,163,260 38,255 16,360,452 830,790 
1915 3,837,865 87,306 5,975,592 64,307 19,206,521 899,819 
1916 3,003,065 78,963 10,468,001 103,081 98,119,695 5,128,200 
1917 5,344,334 132,572 11,760,935 136,064 | 162,734,010 | 11,410,606 
1918 1,433,349 111,818 78,370 1,261 | 343,758,948 | 39,309,261 
1919 _ 4,368,780 201,496 16,988,787 483,221 195,808,421 | 24,019,226 
1920 3,136,850 180,759 29,473,132 645,267 112,549,075 | 18,767,917 


It is not expected that the soybean industry will develop in 
the near future to the extent attained in Manchuria. This 
industry should however, develop gradually and the soybean 
become an important crop in the regions most favorably situated 
for seed production, especially the cotton belt and the southern 
part of the Corn Belt. This crop offers an excellent opportunity 
to the Southern planter to adjust the plantation management 
so that he can offset the boll weevil damage and with profit to 
himself furnish the cotton oil owners a source of oil and meal. 

The soybean is already a crop of high value in American agri- 
culture and seems destined to be of far greater importance, not 
only as a cash crop, but as an aid in maintaining the productivity 
of the soil. It seems quite probable that the largest use of the 
crop except the oil will be primarily for forage. With a better 
understanding of the soybean and it’s products, the industry 
should become a most important one. 

Other Countries.—The trade in soybeans will undoubtedly 
be confined mainly to China, Japan, United States and Europe. 
When the trade in soybeans began to expand rapidly in Europe 
and America and the demand increased for vegetable oils, Eng- 
lish firms began to consider the African countries as a source of 

‘Compiled from reports of Department of Commerce, Bureaus of Foreign 


and Domestic Commerce and Navigation, U. 8S. 1910-1920. 


*Includes bean cake or bean stick, miso, or similar products, with duty, 
40 per cent. 
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supply for these seeds. Extensive investigations were made on 
all Governmental Experimental farms in Africa and it was found 
that with a demand for soybeans at the prices prevailing in 1910, 
the colonies could compete very successfully with the importa- 
tions from Manchuria. Although the soybean has been grown 
for a very considerable length of time in India, it has been used 
principally as a food by the natives and as a forage crop. Con- 
siderable experimental work has been done by the experiment 
stations situated in various parts, relative to the utilization of the 
bean as an oil seed, and it’s further use for human food. India, 
however, has not made any attempts to concern itself in the 
world’s trade with the soybean and its products. 

In Australia, experiments have been carried on in Victoria and 
Queensland relative to the growing of the crop as an oil seed. 
The results reported would indicate that the soybean can be 
grown successfully for seed in these provinces and that Australia 
would be able to enter into the world’s trade as a source of supply 
of soybean seed. 

Summary of Imports and Exports of Soybeans and Soybean 
Oil.—Tables XIV, XV, XVI, and XVII summarize the imports 
and exports of soybeans and soybean oil in the World’s trade 
for the years 1910 to 1919 inclusive. 
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CHAPTER III 
BOTANICAL HISTORY OF THE SOYBEAN 


Few plants have had so involved a botanical history as has the 
soybean. This was largely due to other plants imperfectly 
described being confused with the soybean by the early botanists, 
and partly to the changing of the scientific name necessitated as 
knowledge increased. The complexities can be appreciated only 
by tracing the scientific history of the soybean in detail. 

History Prior to Linneus “Species Plantarum,” 1753.—The 
soybean was first made known to Europeans by Engelbert 
Kempfer (1712), a German botanist who spent the two years 
1691 and 1692 in Japan. Kempfer uses the Japanese name 
“Daidsu”’ and describes the plant as erect and bean-like, with 
pods like the lupine and seeds resembling large white peas. Healso 
gives an excellent illustration of the plant and discusses in detail 
the various food products prepared from the bean by the Japanese. 

Paul Hermann (1726), collected plants in Ceylon, which were 
very briefly described under the native names in a book called 
“Museum Zeylanicum”’ published in 1717. One of these 
plants was called ‘‘Bumum” or “Bunce” and is very briefly 
described as a species of bean with villose hairs. Hermann’s 
original specimens are still preserved. One of them numbered 
280, is also represented by a beautiful and accurate drawing. 
This plant is probably Hermann’s “Bunce.” At any rate it is 
the soybean. The name ‘‘Bume” is at the present time used in 
Ceylon for the mung bean, so that it is probable that Hermann’s 
name ““Bumum”’ refers to the same plant and that he erroneously 
associated it with ‘‘Buncze”’ which is the soybean. 

Linnzeus (1737) published a book called ‘Hortus Cliffor- 
tianus”’ based on plants cultivated in Clifford’s garden at Harte- 
camp, Holland. One of the plants described was the soybean, 
as proven by the original specimens which still exist. 

The fourth earliest description of the soybean was by Rumph- 
ius (1747), a Dutch naturalist who described and illustrated the 
plants of Amboina and other islands of the Dutch East Indies, 
in a book ealled ‘‘Herbarium Amboinense’’ published in 1747. 
His description and illustration of the plant called ‘‘Cadelium” 
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is very clearly the soybean. Rumphius gives the native name 
as “Kadelee” and states that the plant is rarely seen in Amboina 
but more abundantly in Java, Bali and other Malayan Islands. 

These four descriptions are often referred to by later botanical 
writers whose interpretations were not always correct, so that 
much confusion of names occurred in later botanical literature. 

Linneus’ Misunderstandings of the Soybean.—Scientific 
botanical names begin with the publication of Linnzeus’ Species 
Plantarum in 1753. The reason for this is because Linneus 
reduced all plant names to binomials, that is composed of two 
words, while those of previous writers were mostly composed of 
several or many words. At. the time of this publication, it 
appears therefore that the soybean had been described by Keemp- 
fer from Japan, by Hermann from Ceylon, by Rumphius from 
the East Indies and by Linnzus from a plant grown in Clifford’s 
garden. Both Rumphius and Linnzus, however, cited descriptions 
of still other writers which they mistakenly assumed related to 
the same plant. 

The actual confusion which took place was mainly due to an 
error in Linnzeus. In the first edition of the Species Plantarum 
(1753) he describes two supposedly different plants, the first on 
page 725, the second on page 727. The first he called Phaseolus 
max, the second Dolichos soja. He had in his herbarium specimens 
of Phaseolus max from Clifford’s garden, but his description of 
Dolichos soja was purely a compilation from other writers. To 
understand the confusion that this gave rise to, it is best to follow 
first the story of Dolichos soja. Linneus’ original description is 
as follows: 


Dolichos soja. 


“Dolichos caule erecto flexuoso, racemis axillaribus erectis, 
leguminibus pendulis hispidis subdispermis. Fl. Zeyl. 534. 
Mat. med. 363. 

“Phaseolus erectus, siliquis lupini, fructu pisi majoris candido. 
Kempf. amoen. 837. t. 838. 

“Habitat in India.” 


This may be rendered in English as follows: 
“Dolichos with erect flexuous stem; racemes axillary, erect; 
pods pendent, hispid, mostly 2-seeded. 
“Erect bean with pods like those of lupine and seed like a large 
white pea. 
“Native country, India.” 
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The description is so brief that without further evidence it 
would be practically impossible to identify the plant. Such 
evidence is secured partly from the older books which Linnzeus 
cites and partly from preserved specimens. 

Under Dolichos soja, Linneus cites first “Fl. Zeyl. 534.” 
This reference is to the “Flora Zeylanica” of Linnzus, published 
in 1747, and based primarily on Hermann’s notes and specimens. 
The description there published is only slightly different from that 
in the ‘Species Plantarum”’ and is as follows: 


“Dolichos caule erecto flexuoso, racemis axillaribus erectis, 
leguminibus pendulis hispidis subdispermis. 

‘Phaseolus erectus, siliquis lupini, fructu pisi majoris candido, 
Kempf. amoen. 837. t. 838. 

‘Soja officinarum. Dal. pharm. 238. 

“Obs. Habitat in zeylona culta.” 


From this description it is evident that Linnzeus had primarily 
in mind the plant cultivated in Ceylon and collected by Hermann, 
whose specimen still exists and is the soybean. The Kempfer 
reference also pertains to the soybean. 

The name ‘‘soja’”’ used in Japan for the soybean was not 
mentioned by Kempfer but Linneus was already familiar with 
it, as he had referred to it in his ‘‘ Materia Medica” published in 
1749. Linnzus indeed cites Dale’s Pharmacolgie (1751) p. 238, 
the first edition of which was published in 1705, at which date 
European pharmacologists were already familiar with the Japan- 
ese soybean and its medicinal uses. Dale calls it Sova officinarum 
and doubtless Linnzeus got the name soja from this author. 

In regard to Phaseolus max Linnzeus, much doubt has existed 
as to its identity, which has recently been cleared up by a careful 
study of Linneus” original specimen still preserved. The orig- 
inal description of Phaseolus max is as follows: 


‘11. Phaseolus caule erecto anguloso hispido, leguminibus 
pendulis hirtis. Hort. cliff. 499. Roy. lugdb. 367. Fl. Zeyl. 
280. 
Phaseolus orthocaulis, Mungo persarum, Hern. mex. 887. 
Habitat in India.” 


It will be noted that the first citation under the brief description 
refers to the Hortus Cliffortianus, a work published by Linnzeus 
in 1737. The description in this book is as follows: 
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“2. Phaseolus caule recto anguloso hispido. 
Phaseolus erectus, caule & folio rigidis, flore pallide luteo, 
siliqua crassa & ampla. Boerh. ind. 152. 
Phaseolus ortocaulis, Mungo persarum, turcarum Mase, 
hispanorum Max. Hern. mex. 887. Boerh. lugdb. 2, p. 28. 
Crescit in Virginia, unde e seminibus delatis prodiit.” 


This description differs somewhat from that of 1753, particu- 
larly in that the seed was supposedly from Virginia. This is 
doubtless an error, and it will be observed that Linneus makes 
no mention of Virginia in his later description. The other cita- 
tions in the 1758 description are: 

“Roy. lugdb. 367.” and “FI. Zeyl. 280.” 


The first is to Royen’s “‘ Florae Leydensis Prodromus,”’ where the 
description is exactly as in the ‘‘ Hortus Cliffortianus,” while the 
latter citation is to Linneus’ ‘Flora Zeylanica,”’ containing a 
description based on Hermann’s plant from Ceylon. 

It is thus perfectly clear that the first part of Linnzeus’ descrip- 
tion of Phaseolus max and the first three citations all refer to 
the soybean, but from Sir David Prain’s (1897) careful study 
of the matter it would appear that Linnezus really intended 
the name Phaseolus max to apply to the mung bean of India. 
Linneus repeated the description of Phaseolus maz in the second 
edition of the Species Plantarum, published in 1763 but dropped 
it entirely in the third edition published in 1767 without any 
word of explanation. In 1767, however, he describes fully 
the mung bean under the name Phaseolus mungo. 

Prain’s Elucidation.—Prain’s explanation of how Linnzus 
was led into the error of confusing under one name two plants as 
different as the soybean and the mung bean is very interesting. 


“What Linneus meant by P. maz, as contrasted with what he named 
P. max, we reach if we follow the clue afforded by his citation ‘Phaseolus 
orthocaulis, Mungo persarum, Hern. Mex. (1651), 887. When we 
turn to the passage indicated we find (1) that the actual phrase is 
‘Mungo, sive Phaseolus orthocaulis’ so that the citation is incorrect; 
(2) that the article begins: ‘Mungo, apud Indos orientales a Persis, ac 
etiam a Turcis dicitur Mase quod ab Hispanis diceretur Max.,’ so 
that the expression ‘Mungo persarum’ reverses what is actually said; 
(3) that the names ‘Mungo’ ‘Masc’ and ‘Max’ are not employed by 
Hernandez at all because they occur in the separate treatise termed 
‘Annotationes et Additiones’ written by Fabio Colonna. The article 
on ‘Mungo’ is one of the ‘Additiones’ not a mere ‘Annotatio’ so that it 
is attributable to Colonna alone. 
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“Clearly then Linneus got his expression ‘Mungo persarum 
elsewhere and clearly the place whence he took it was Boerhaave’s Ind. 
Alt. Lugds. Bat. 11, p. 28 (1720) where we find recorded: ‘16 Phaseolus; 
octocaulis; Mungo Persarum; Turcorum Masc; Hispanorum Max. Fab. 
Col. Annot. et. Addit. in Nard. Ant. Recch. p. 887.’ Here we find a 
misreading of the name ‘orthocaulis,’ which Linneus avoided, with a 
correct citation of authority which Linneus did not choose to follow. 
The interesting feature of this citation is that it supplies us with the 
source of the specific epithet Maz and of the erroneous expression 
‘Mungo persarum’ wrongly attributed to Hernandez (1651). 

“The punctuation in Colonna’s passage is certainly singularly inept 
but the concords are unimpeachable and afford as little excuse for the 
misleading paraphrase of Colonna’s statement as there is for the mis- 
reading of the name ‘orthocaulis.’ 

“Colonna’s article deserves more careful consideration than it has 
hitherto been given. After supplying a fair description of the plant 
intended, and a rough figure which suits best the plant that is P. max 
Roxburgh, not at all of Linnzus, Colonna describes the germination of 
the seeds in a fashion that leads one to believe him to be describing what 
he has seen with his own eyes. 

“But the principal points to be noted are that Colonna does not say 
the plant is a Mexican one; he does not quote for it any Mexican name. 
On the contrary he uses for it two Asiatic names with the Spanish (or 
Portuguese) variant of one of them and still further shows his acquaint- 
ance with the fact that it is an old world species by giving a Latin version 
of what Garcia del Huerto had to say about the same Indian plant. 
We see from this version that Colonna went to Garcia’s original text 
and did not quote from Clusius’s Latin translation of Garcia issued in 
1567. 

“There is no reason why by 1651 the mung should not have been 
introduced as a food for horses into Mexico. But there is also no proof 
that the article was intended by Colonna as more than a suggestion to 
the Spaniards that a horse-food so useful as this was known to be in 
India, might with advantage be introduced into Mexico.” 

This discovery that the name Phaseolus max really belongs 
with the soybean made it necessary to revise the scientific 
name of the latter. To quote again from Prain; 

“As regards P. mungo L. the fact remains that, whatever may have 
been the origin of the plant he describes, no specimen appears ever to 
have been added by Linnzus to his herbarium and all that we are 
justified, by the evidence available, in assuming is that Linneus, in 
1767, as already in 1753 deemed Mungo the precise equivalent of 
Max. If this be so, it may very fairly be asked why, in 1753, did 
Linneus use Maz in preference to Mungo and why in 1767 did he drop 


Maz and use Mungo instead? 
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“The answer in both cases seems to me self evident. Of the two 
synonyms Mungo and Maz, clearly Max was the oldest because Mungo 
occurs for the first time in Garcia del Huerto while Maz goes back to 
Avicenna. Linnzeus chose Maz because of its greater age. 

“‘In the other case Linnzus in all good faith supposed that ‘Bunce’ 
of Hermann and the plant he saw in Clifford’s Garden were the same 
thing as Mungo and Max, at the time he wrote the Flora Zeylanica. 
He had no suspicion that the plant he had described was different from 
the plant whose name he had adopted when he published the first edition 
of the Species Plantarum in 1753. He was still unconscious of the 
extraordinary blunder he had committed when he published the second 
edition in 1763. But some time after he had published the second edi- 
tion of the Species Plantarum he obtained from some one seeds of the 
plant he had described in 1753 as Dolichos Soja. He raised plants from 
these seeds at Upsala and put specimens into his herbarium some time 
before 1767 when he for the first time recorded its existence in his 
collection. 

“Linneus was at last in a position to see that the plant he had 
described as Phaseolus max was the same as the one he had named 
Dolichos Soja and that the Mung crop (Mungo or Max) was still without 
aname. It may be that in putting matters right Linnzus felt that to 
continue for the ‘Mungo’ or ‘Max’ crop the name Max might lead to 
confusion and that to obviate this confusion it was desirable to sub- 
stitute the other name Mungo. ; 

““As a merely bibliographical matter then the decision of Trimen 
(1894) to revert to the name P. max (1753) which was intended to signify 
the same species as the P. mungo of 1767 had apparently full justification. 
But it does not seem desirable to follow Trimen owing to the fact that, 
though P. max was intended to signify the Mung crop, in reality the 
plant described and represented by the Linneean types is the ‘Soy’ crop.” 


Other Botanical Names.—Moench (1794) rechristened the 
Linnaean plant Soja hispida. Savi (1824) called the Japanese 
soybean Soja japonica. Miquel (1855) named a narrow-leafed 
form from Java Soja angustifolia, and Maximowicz (1873) 
using Moench’s specific name, published the soybean as Glycine 
hispida, which name has been adopted by many authors. Sie- 
bold & Zuccarini (1843) had previously named a plant from 
Japan Glycine soja, supposing it to be the Dolichos soja of Linnzeus. 
This plant, however, was not the soybean cultivated by the 
Japanese but the wild plant (Fig. 9) later described as Glycine 
ussurtensis by Regel & Maack (1861). By most writers the 
soybean, which is known only as cultivated, has been called 
Glycine hispida (Moench) Maximowicz, and its nearest relative 
Glycine soja Siebold & Zuccarini (G. ussuriensis Regel & Maack). 
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Maximowicz (1873) considered that the cultivated soybean 
was probably derived from Glycine ussuriensis Regel & Maack; 
Franchet & Savatier (1875) express the same opinion. This 
view was not adopted by most botanists but the recent work 
of Piper & Morse (1910) leaves scarcely room to doubt that 
Maximowicz’s opinion is correct as every possible form between 
the wild soybean and the cultivated soybean occurs. 

The Correct Botanical Name.—Inasmuch as the specific 
name max as applied to the soybean appears on a previous 
page to the name soja in Linnzus’ Species Plantarum, it has 
priority according to all botanical codes and hence must be 
adopted as the specific botanical name of the soybean. 

In most botanical works the soybean is called Glycine hispida 
(Moench) Maximowicz. By a few writers it is named Soja 
hispida Moench. The use of either of these names is based 
on the idea that the wild soybean Glycine soja Siebold & Zuccarini 
or Glycine ussuriensis Regel & Maack is a different species. 
As Piper & Morse (1910) have shown, this view is untenable, the 
wild and the cultivated plants representing but one species. 
The cultivated plant was first named Dolichos soja L. but as 
the specific name soja was used later by Siebold & Zuccarini 
for the wild plant, it has since been generally used in that sense. 
With the recognition of the fact that there is but one species and 
not two the name Glycine soja (L.) Siebold & Zuccarini designates 
the cultivated as well as the wild plant. But the specific name 
soja must now give way to that of maz. 

Unfortunately there is also question as to the proper generic 
name to be attached to the soybean. Nearly all botanists have 
used the name Glycine for the genus containing the soybean 
and related species, but a few have used Soja. Soja was proposed 
by Moench (1794) and included only the soybean. 

Linnezus in using the name Glycine in the Species Plantarum 
(1753) cites Apios of Boerhaave as a synonym. He describes 
8 species as follows: 


1. Apios = Apios tuberosa 

2. Frutescens. = Kraunhia frutescens. 

3. Abrus = Abrus precatorius. 

4. Tomentosa = Rhynchosia tomentosa. 
5. Comosa = Amphicarpaea comosa, 
6. Javanica = Glycine javanica. 

7. Bracteata = Amphicarpaea bracteata. 
8 


. Bituminosa = Fagelia bituminosa. 
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As will be seen all of the original species of Glycine have been 
removed from the genus but one, Glycine javanica, which by 
the method of elimination would be the type species of the 
genus Glycine. While in this particular case the method of elimi- 
nation works very nicely, there are numerous other cases in which 
it leads into hopeless difficulties. 

Inasmuch as Linnaeus cites Apios of Boerhaave as a synonym 
of Glycine, some recent botanists have considered that Glycine 
should be used in that sense and hence have employed it in pref- 
erence to Apios for the plant described by Boerhaave, namely, 
the American wild bean or groundnut. This seems clearly 
to have been the idea in Linnzus’ mind. If Glycine be thus used 
the next available name for the soybean genus is Soja of Moench, 
published in 1794. Following this interpretation the soybean 
must be named Soja max (L.) Piper (1914). Other botanists 
consider Glycine javanica the type species of the genus and call 
the soybean Glycine max (L.) Merrill. 

It is a queer outcome of the application of botanical rules that 
the accepted scientific name must perpetuate the blunder that 
Linnzus made, and which necessitates using a common oriental 
name for the mung bean as the specific title of the soybean. 
The complete binomial synonomy of the soybean is as follows: 


Phaseolus max L. Sp. Pl. 2:725. 1753. 

Dolichos Soja L. Sp. Pl. 2: 727. 1753. 

Soja hispida Moench. Meth. 153. 1794. 

Soja japonica Savi in Pisa Nuoy. Giorn. Litt. 8: 113. 1824; and 
Mem. Phas. 2:16. 1824. 

Glycine soja Siebold & Zuccarini in Abh. Akad. Muench. 42: 119. 
1845. 

Soja angustifolia Miquel Fl. Ind. Bat. 1: 223. 1855. 

Glycine ussuriensis Regel & Maack. in Tent. Fl. Ussur. 50. 1861. 

Soja max Piper. Journ. Amer. Soc. Agron. 6:84. 1914. 

Glycine max Merrill, Publ. 9. Dept. Agr Bur. Sci., Manila, 274, 
1917. 


CHAPTER IV 
AGRICULTURAL HISTORY OF THE SOYBEAN 


Like most important food plants, the early history of the soy- 
bean is lost in obscurity. Doubtless it was utilized, if not culti- 
vated, by primitive man long before the dawn of historical 
records. Such history as does exist, however, bespeaks a very 
ancient culture. Over fifty different names are used in oriental 
countries for the soybean, and doubtless there are many more. 
This great number of appellations is an evidence of long culture. 


VERNACULAR NAMES OF THE SOYBEAN 


NAME Loca.iry 
LS TEUAS. Pa OR Rd drogen ace Cece eee Naga Hills, Assam 
Dalene ee ie ek at ceta at accu 3 United Provinces, India 
LEUATH BeGT SC Rian Wipers Sie emit ond Mirai oe United Provinces, India 
Bhatnas or Bhatwas................... Nepal 
Biatiweaneecene cis os det ob td » OeylOn 
BSR G yA eae Ree tie. oh aeehe See el Mami o's ates 4 + United Provinces, India; Nepal 
PSE HEAR Sere eth ee ois Bak Tats as: VIS ae Bengal, India 
TBS EU cars eg ee Ra OR Punjab, India 
Botumash, Bhativas or Bhatmais....... Buthia, India 
STILT CON REIT ratte h)5 5) fe dnl bees) eu Ceylon 
CEES IELTS 2 sh ae ge RE re am Amboina 
oy AE rie vis See store ete ry os ed en Bengal, India 
RECHT ESA ENLACE co 0th irc ha eFas od tre os: 4) Sus United States 
SIR ESeLL ely cyan ai enetest Avie S, « scraats tes Annam; Cochin China; Tonkin 
JB Spt e000 Oe oo aes Re, ee echt a ear Tonkin, French Indo-China 
PSE ii amee ae eee ce Rte ater ad) ois OU oie Japan; Tonkin 
THR en ital ce aiken test chechoa «agin site Tiassa Santhal, India 
ENTS SUCH Se ori ar eae eee Re Bengal, India 
ER Qa TEn Leet st Mant Foie 9 Renta gabe Cochin China 
FAT NOES eet nia on rent N Teese. United States 
CHITIN eee Ce eerree tO clcdagitaveess.« ay iy'onpialers Nepal 
ST TITLE eet Se ne Mariln is iv doe he cigme wives Celebes 
WOETAM Pa OCLOG rate scmsid v's 8 Fe 8 My aaneln» Java; Stinda 
ASAT ANE<CIGDOCM asia. a. eae honors Java; Stinda 
SATOH VOAGOLON «niet. styeh a lshasele es Waeee ia India 
PNUTOOD Sr Rent it saka cits scare Se tv ahi N. W. Provinces, India 
USUI feos Aly CGI ROAR OMe LEE Ree CR CRON =e pe Be Naga Hills, Assam 
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NaMp LocaTIon 
Dasha sie Reed ave hie ce ee ene Kachin, Burma 
Last shapre turtee sere ener ere Bhamo, Burma 
‘Last: N’ LOL arc cata case creche ek eee Myitkyina, Burma 
ast IN} Ati ences eater oat oa ee Myitkyina, Burma 
M&ame@s.icnckk steed oda tee thle ieee Japan 
Patani. og tem Sere ee ee India 
Patant=)OKiralees v0 io. cence eet eee Assam 
Perky ot-pyin o. cece eee eee cae eee Burma 
Pe-nga-pi ite 4.. ce se tierseecugt aes ee ee ILL 
Pois oleagineux de Chine............... France 
Ramelcurt hie acre tate ae ear eee Bengal, India 
Ryambai-ktung..............-.-..--.- Khasi Hills, Burma 
Salyameu (Se litiy:a:0 o)) eae ween eee eee Sikkim 
San-dek-sien whe seein tauren rae Cambodia, French Indo-China 
Sandelccan een sateen ea ee ee Cambodia 
Silliang dunes sees 10 ase ee = eee Sikkim 
SO) eis amici homer oor ot abet oda: cuticle France; Italy 
DSO] Meet Dee ear choice Mea gscens ae eee France; United States 
Solaboonay esc wars dere hed rane Holland 
DO] Ab Oh Tire tae we ees ere eens oy aren Germany 
SOUR ce tae ec een aa area ee China 
LOO Naa rene Pa hn Men ree rhea cee A, eaona rustne United States 
SOV sie etree onary reteset cin ceoreeaae United States; England 
Stockspes Aeccrauer week cece ae eee United States 
DUCLZ a Bhar ee Serie at eh caren gee a eames Naga Hills, Assam 
AMVC ean c NE Bola Ramee oc lees Ac China 
EE GOUS cen < eereeus ct eee Peon ete Tonkin 
AAU Einar in Ms Opiate er ene Meet g Spnene. seh n Naga Hills, Assam 
FYiCOU Ree tir ein eine hae err eo China 


China, Korea and Japan.—The soybean is a plant of very early 
cultivation in China. According to Li-Yu-Ying and Grandvoin- 
net (1911-1912) the soybean is described in the book of Materia 
Medica ‘“‘She-non” written over 5,000 years ago. The cele- 
brated dictionary of Sui Sham describes the plant under the 
name of “‘tchotian.”” In another ancient dictionary, the ‘‘ Kouang- 
ia,” dating from about the time of the Christian Era, the soybean 
is called ta-teou% or grand pea and also sou. It seems very prob- 
able that the names soi, soy, soya and soja are all derived from 
the ancient Chinese name sou. 

In Manchuria the soybean is grown to a greater extent than 
in any other country, and its culture there is doubtless ancient. 
From Korea, there have been sent to the United States Depart- 
ment of Agriculture many distinct varieties, the large number 
indicating long cultivation in that country. The culture of the 
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soybean in Japan is likewise very old and many varieties peculiar 
to that country are in cultivation. 

No comprehensive account of the agricultural history of the 
soybean in any of these countries has yet been attempted, but 
doubtless much information is contained in ancient Chinese 
and Japanese literature. 

Several varieties different from any secured elsewhere have 
been introduced into the United States from Formosa, and 
the plant has probably been cultivated there for a considerable 
period. 

India and Neighboring Regions.—Southward from China 
the soybean is largely a crop of the hilly regions. De Candolle 
(1884) believed that the plant was a recent introduction in India, 
mainly because Roxburgh had not encountered the plant except 
as he had cultivated it in the Calcutta Botanic Gardens. The 
recent investigations of Hooper (1911, 1912) and of Woodhouse 
and Taylor (1913) together with other information, show, 
however, that the soybean is widely if not abundantly 
cultivated, especially in the hilly regions of India from the borders 
of Afghanistan eastward to Burma; indeed its culture also extends 
to northern Siam and French Indo-China. 

Hooper records seeds from many Indian sources, aggregating 
perhaps nine distinct varieties. Most of these were later sent 
to the United States Department of Agriculture and grown at 
Arlington. Virginia, and elsewhere in comparative trials. The 
data show the following facts as to origin and varieties: 

Small yellow from Haka, Chin Hills, Burma and Kalimpong, 
Darjeeling. 

Smaller yellow from Simla, Punjab; Chakrata, Dehra Dun; 
Kalimpong, Darjeeling; Tiddim, Chin Hills, Burma; and Katha, 


~ Burma. 


Smallest yellow mainly from Burma. 

Small black “largely grown in various districts of the United 
Provinces and Patna Division, as well as on the lower slopes of 
the Himalayas from Kashmir to Darjeeling.” 

Large brown from Darjeeling. 

Small brown “grown in the Himalayas from Kashmir to 
Darjeeling.”’ 

Mottled yellow and brown from Shillong, Burma. 

Besides the above Hooper records several varieties of Chinese 
origin cultivated at Poona, Bombay. 
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Woodhouse and Taylor describe nine Indian varieties secured 
from Darjeeling, Bankipur and Bhagalpur. 


Fig. 8.—Plants of a soybean variety from India. 


Major T. E. T. Aitchison (1881) found the soybean largely 
cultivated in the Kuram Valley, Northwest Frontier Province, 


Fia. 9.—Plants of the wild soybean from Soochow, China, grown at the Arlington 
Experimental Farm, 1908. 


India, especially in the Kuram district, occasionally in Hariab; 
also frequent as a weed in cultivated ground. 
Most of the Indian varieties (Fig. 8) have slender twining 
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stems, small pods and small seeds. They resemble the wild soy- 
bean (Fig. 9) much more closely than do the varieties of China 
and Japan. All of the facts indicate the long culture of the soy- 
bean in northern India and Burma. 

Cochin-China.—In Cochin-China the soybean is cultivated to 
some extent. Louriero (1793) records the soybean as cultivated 
under the names Dat nanh and Hoam tet. These notes probably 
refer to the neighborhood of Hue, where most of Louriero’s work was 
done. Pierre (1869) states that it is grown at the present day about 
Saigon, and from this place the United States Department of 
Agriculture secured a very late yellow-seeded variety, No. 22714. 

Malayan Region.—In the islands south of the Asiatic mainland, 
the soybean is not a crop of much importance. Its culture or 
occurrence in Ceylon was recorded by Hermann in 1726; in 
Amboina by Rumphius in 1747, in Java near Bandong by Miquel 
in 1855, and on Mount Gunung-Gamping by Junghuhn (1853). 
Seed of one variety was received by the United States Depart- 
ment of Agriculture in 1900, from Macassar, Celebes. 

Pierre (1869) states, but without particulars, that the plant is 
cultivated in Borneo and the Philippines, but it has not been 
found cultivated by the natives of the latter country since the 
time of the American occupation, though doubtless occasionally 
grown by the Chinese. 

Early Introduction into the United States.—There are for- 
tunately fairly complete records of the early history of the soy- 
bean in the United States. The facts emphasize the difficulties 
with which a new crop wins its way to recognition. 

The Earliest Records——The first mention of the soybean in 
American literature is by Mease (1804), who writes ‘‘ The soybean 
bears the climate of Pennsylvania very well. The bean ought 
therefore to be cultivated.” 

Thomas Nuttall (1829), grew a variety with red flowers and 
chocolate-brown seeds in the botanic garden at Cambridge, 
Mass., and from his observations wrote a brief account concern- 
ing it. He writes: 

“Its principal recommendation at present is only as a luxury, 
affording the well-known sauce, soy, which at this time is only 
prepared in China and Japan.” 

In the same journal two years later, November 23, 1831, is an 
account of the successful culture of the plant at Milton, Mass., the 
seed having been obtained from Nuttall. 
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No further mention of the plant in American literature appears 
until 1853, when a brief account appeared under the name 
“Japan pea” by Ernst (1853), as follows: 

“The Japan pea, in which so much interest has been manifested 
in this country for a year or two past, from its hardihood to resist 
drought and frost, together with its enormous yield, appears to 
be highly worthy of the attention of agriculturists. 

This plant is stated to be of Japan origin, having been brought 
to San Francisco about three years since, and thence into [linois 
and Ohio. Its habit of growth is bushy, upright, woody, and 
stiff, branching near the ground, and attaining a height of three 
or four feet. The leaflets are large, resembling those of an ordi- 
nary bean, occurring in sets of three, with long quadrangular 
stems. The flowers, which are small and white, but rather incon- 
spicuous, sometimes having purple centers.” 

The Perry Expedition to Japan.—The Perry expedition in 
the year 1854 brought back two varieties of “soja bean”? from 
Japan, one ‘‘white”’ seeded, the other “‘red”’ seeded. These, 
together with the Japan pea, were distributed by the Commis- 
sioner of Patents in 1854, (Browne 1854) and, thereafter frequent 
references to the plant occur in agricultural literature under 
such names as Japan pea, Japan bean, and Japanese fodder 
plant. Most of these articles speak of the plant as the Japan 
pea, none of them as the soy or soja bean. It is apparent from 
the early accounts that there were at least two Japan peas, 
one early enough to mature in Connecticut (Patent Office 
Report, 1854, p. 194), the other very late (American 
Agriculturist, 1857, vol. 16, p.10). Judging from all the accounts, 
we suspect that the early Japan pea may be the Ito San variety, 
which, however, has red flowers, while the late variety may be the 
Mammoth. ‘The Ito San is still occasionally called the Japan 
pea, while the introduction and source of the Mammoth has 
never been definitely determined. From these early accounts 
the Mammoth may well be the ‘“white-seeded” soja bean 
obtained by the Perry expedition. The ‘‘red-seeded soja bean” 
was, probably, the adsuki bean (Phaseolus angularis), as no 
red-seeded soybean is known. 

Later Introductions.—Prof. G. H. Cook, of New Brunswick, 
N. J., obtained seed of the soybean at the Bavarian Agricultural 
Station in 1878. In the same year Mr. James Neilson obtained 
seeds of several varieties at Vienna, Austria. Both of these 
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gentlemen planted the seeds and gathered crops of the different 
varieties in 1879. These varieties were without doubt some of 
those grown and distributed through Europe by Professor 
Haberlandt of Vienna. 

A yellow-seeded soybean was grown at the North Carolina 
Agricultural Experiment Station in 1882 and reported on in 
some detail. The source of the variety is not given, but by 
implication it is the same as the variety stated to be grown by 
a number of persons in the State, and is probably the Mammoth. 

Two varieties, one black seeded, the other with white seeds, 
were grown at the Massachusetts Agricultural Experiment 
Station in 1888. 

In 1890 Prof. C. C. Georgeson (1890) secured three lots 
of soybeans from Japan which were grown at the Kansas Agri- 
cultural Experiment Station in 1890 and subsequently. 

Prof. W. P. Brooks, (1890) of Amherst, Mass., brought with him 
from Japan in 1889 a number of soybean varieties, including the 
Medium Green or Guelph, and the Ito San. It is quite certain 
that other importations of soybeans from Asia were made by 
others, but no definite records have been found. 

Since 1890 most of the agricultural experiment stations have 
experimented with soybeans and many bulletins have been 
published dealing wholly or partly with the crop. 

The Early Introduced Varieties.—Previous to the numerous 
introductions by the United States Department of Agriculture 
beginning in 1898, there were not more than eight varieties of 
soybeans grown in the United States, namely, Ito San, Mammoth, 
and Butterball, with yellow seeds; Buckshot and Kingston, 
with black seeds; Guelph or Medium Green, with green seeds; 
and Eda and Ogemaw, with brown seeds. 

It has been possible to determine the history of these, in part 
at least, which is of value in interpreting the older records. 

Ito San.—Ito San was among the varieties introduced in 1899 
by Prof. W. P. Brooks, of Amherst, Mass., and by him called 
Early Yellow. Later E. E. Evans of Michigan secured seed 
of it and in 1902 called it Ito San. Mr. Evans writes that 
he subsequently secured it “from half a dozen sources in the 
United States and Japan.’”’ The same variety was also among 
those introduced by Prof. C. C. Georgeson, of the Kansas 
Agricultural Experiment Station, and grown in 1890 and sub- 
sequent years. This conclusion is based on the identity of nine 
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varieties obtained from the Rhode Island Agricultural Experi- 
ment Station in 1903. This station had previously obtained 
several varieties from the Kansas Agricultural Experiment 
Station in 1892. Three of the varieties from Rhode Island 
had exactly the same names as those published in Bulletins 19 
and 32 of the Kansas Agricultural Experiment Station, namely, 
Eda Mame, Yellow Soybean, and Kiyusuki Daidzu. All 
three of these are Ito San. 

Ball (1907) gives a list of numerous American sources through 
which this variety was secured under such names as Yellow, 
Early Yellow, and Early White. It was also grown at the 
Virginia Agricultural Experiment Station in 1905 as Japanese 
pea, as shown by later cultures at the Arlington Experimental 
Farm of seed from this experiment station. 

Among the introductions of the Office of Foreign Seed and 
Plant Introduction it is represented by No. 6326, received in 
1901 from Tokyo, Japan, and No. 21818, obtained from Vilmorin- 
Andrieux & Co. (1891), Paris, France, as ‘‘ Yellow Etampes.”’ 
It may possibly be one of the varieties grown by Professor 
Haberlandt in his experiments, as all of his varieties were grown 
at Etampes and other places in France. We suspect that this 
is also the variety that was distributed by the United States 
Patent Office in 1853, as most of the early accounts point to 
this or a closely similar variety. These accounts refer to it 
as Japan pea, Japanese pea, Japan bean, and also coffee berry. 

Mammoth.—The Mammoth is at present the most important 
soybean grown in the United States. It has also been known as 
Late, Yellow, Late Yellow, Southern, and Mammoth Yellow. 

The date of introduction of this variety is very obscure, and 
nothing definite is known regarding its origin. None of the 
numerous recent introductions are identical and but one is closely 
similar, namely, No. 22318, from Erfurt, Germany, received as 
“Yellow Riesen.” It is not probable, though, that this was 
German-grown seed, as so late a variety could scarcely mature in 
Germany. Several varieties from Shanghai, China, and from 
Japan are closely related. It may possibly be the “white- 
seeded” soybean introduced by the Perry expedition. We have 
been unable to find any early published records that definitely 
refer to this variety. It is not improbable that it is this variety 
that was grown at the North Carolina Agricultural Experiment 
Station in 1882. There can be but little doubt that it is the 
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“soja” bean from T. W. Wood & Sons, Richmond, Va., grown 
by Georgeson (1890) at the Kansas Agricultural Experiment 
Station in 1889 and in 1890. Since 1895 Mammoth has been a 
well-known variety. 

Buckshot.—The history of this variety is somewhat compli- 
cated. It has been obtained from the following American 
sources: 


— Agrostology No. 1184, “Black” from Rhode Island Agricultural Experi- 
mental Station, spring, 1903. 

Agrostology No. 1301, “Early” from Johnson & Stokes, March, 1902. 

Agrostology No. 1303, ‘Extra Early Black” from J. M. Thorburn & Co., 
March, 1902. 

Agrostology No. 1304, from W. A. Burpee, March, 1902. 

Agrostology No. 1474, “Extra Early Black”? from Hammond Seed 
Company, March, 1903. 

Agrostology No. 2033, “‘Crossbred No. 9” from the Arkansas Agri- 
cultural Experiment Station, May. 1904. ‘‘Crossbred No. 9” of 
Evans is really Ogemaw, while his ‘‘Crossbred No. 6” is Early 
Black or Buckshot. These two numbers were exactly reversed at 
the Arkansas Experiment Station, as the variety received from 
that station as “‘Crossbred No. 6” (Agrostology No. 2031) proved 
to be Ogemaw. 

All of the foregoing were later united as S.P.I. No. 17251. 

S.P.I. No. 6334, from Tokyo, Japan, April 20, 1901. Among the 
progeny of this are S. P. I. Nos. 8491, 9412, and probably ehh 
and Agrostology No. 1292. 

8.P.I. No. 19987, from Yokohama, Japan, 1907. 

8.P.I. No. 22883, from Tokyo, Japan. 1908. 

S.P.I. No. 22322, “Early Black from Podolia’’ Haage & Schmidt, 1908. 

8.P.I. No. 25212A., from Botanic Gardens, Bremen, Germany. 


From these data it would appear that the Buckshot is a common 
Japanese variety. But E. E. Evans, West Branch, Mich., 
claims that this variety was originated by him in 1901, as a 
hybrid, “‘Evans’ Crossbred No. 6,” which he advertised in 1902 
and distributed widely. In recent correspondence Mr. Evans 
states that this was a hybrid of a large, flat, black variety, 
Medium Early Black, and of the Dwarf Brown. According to 
C. R. Ball, No. 6334 and its progeny numbers were identical 
with Evans’ variety. In H. T. Nielsen’s opinion Nos. 19987 
and 22883 were also precisely identical. Unfortunately, these 
three Japanese lots were not grownin 1909. A critical comparison 
of the seed samples shows, however, that the three Japanese lots 
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have thicker, more nearly globose seeds than most of the lots 
derived from Evans’ plant. It is, therefore, not unlikely that 
there are really two closely similar but distinct varieties involved. 
Nos. 22322 and 25212A are undoubtedly the same as Evans’ 
plant. 

Guelph, or Medium Green.—Guelph, or Medium Green, was 
introduced by Prof. W. P. Brooks, in 1889, from Japan, and is 
now quite extensively grown in the northern states. The same 
variety was also obtained from Hankow, China, in May, 1901— 
S.P.I. No. 6558, according to Ball’s (1907) identification. It 
has since been received from only one foreign source, namely, 
8.P.I. No. 22320, from Haage & Schmidt, as ‘‘ Green Samarow.”’ 
This last might easily be the progeny of the American introduction. 

Butterball—The Butterball variety was first secured from the 
Rhode Island Agricultural Experimental Station in 1903 as 
“Early Japan” and it is probably one of Professor Brooks’s 
introductions. According to Ball (1907), S.P.I. No. 8422, 
from Yokohama, Japan, is identical. A recent culture of this 
number obtained after a lapse of several years from the Illinois 
Agricultural Experiment Station, through H. B. Derr, proved 
to be Butterball, but there were a few different things intermixed, 
probably hybrids. A recent lot of seed from Dammann & Co., 
Naples, Italy, S.P.I. No. 22415, received as “‘Giant Yellow,”’ 
is undoubtedly Butterball. 

Kingston—The Kingston soybean was received from the 
Rhode Island Agricultural Experiment Station in 1903 as 
“Japanese No. 15.” It was obtained by them from Prof W. P. 
Brooks, of the Massachusetts Agricultural Experiment 
Station, who brought a number of soybean varieties from Japan 
in 1889, and is probably the variety which he named ‘‘ Medium 
Black.” It has never been secured from any other source. In all 
probability this is the variety grown at the Rhode Island 
Agricultural Experiment Station in 1893 as ‘“‘ Medium Black.” 

Samarow.—The Samarow has not occurred in any of our Asiatic 
importations. It is advertised under the name of ‘Green 
Samarow” by several European seedsmen. J. M. Thorburn & 
Co. who first introduced it into the United States about 1901, 
inform us that their seed was from Italy. The “Green Sama- 
row” S.P.I. No. 22320, from Haage & Schmidt, Erfurt, Germany, 
proved to be Guelph. 

Eda.—The Eda is the brown-seeded variety introduced from ‘ 
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Japan and grown by the Kansas Agricultural Experiment Station 
in 1890 under the name Yamagata Cha-daidzu. The identifica- 
tion of Cha-daidzu rests on the fact that the Rhode Island Agri- 
cultural Experiment Station secured all of the varieties from 
Kansas in 1892. The Department of Agriculture obtained 
all of these varieties from Rhode Island in 1903, includ- 
ing but one brown-seeded variety under the name “ Brown Eda 
Mame.” 

Ogemaw, or Ogema —The Ogemaw, or Ogema, variety was 
first introduced by E. E. Evans, of West Branch, Mich., in 
1902, as “‘Evans’ Crossbred No. 9.” Mr. Evans writes that 
he originated this as a cross between his No. 6, Early Black, and 
the Dwarf Brown. All of the several lots of this variety grown in 
our trials, namely, Agrostology Nos. 13502, 17258, and 17259 
trace back to this origin, and it has been obtained from no foreign 
source. Nos. 21755, from France, and 25212 from Bremen, 
Germany, are very similar, however. 

The Soybean in Europe.—The soybean has been grown experi- 
mentally at least in most of the European countries but in general 
the climatic conditions are not well suited to its culture. Some 
measure of success has been had however in south Europe, but 
the crop has never become of much importance. 

France.—Paillieux (1880) has traced in detail the records of 
early attempts to introduce the culture of the soybean into 
France. Packets of soybean seeds from missionaries in China 
were received at the Jardin des Plantes, Paris, in 1739 and at 
frequent later dates beginning with 1834. The plants were very 
probably grown at the botanical garden since 1740, certainly so 
in 1779, and from 1834 to 1880 without interruption. In 1821, 
an unusually warm season, a Chinese variety had matured seed 
at Champ-Rond near Etampes. Beginning with 1855 the Societe 
d’Acclimatation distributed numerous packets of seed, but did 
not succeed in establishing a permanent culture of the plant. 
In 1868 M. Chauvin cultivated several varieties at Cote d’Or, 
and the culture there has since continued. In 1874 the Society 
of Horticulture of Etampes began experiments that continued 
until 1880. In 1879 a Chinese variety matured well at 
Marseilles. In 1880 Vilmorin-Andrieux & Company introduced 
into France one of the varieties tested by Haberlandt in 
Austria, which variety has proven well adapted to French 
conditions. This variety is presumably that now known in 
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France as ‘Yellow Etampes” which is the same as that known 
in the United States as ‘‘Ito San.” 

The soybean is now rather widely grown in France but appar- 
ently is not an important crop. No definite statistics of its 
culture seem to have been published. Presumably it is grown 
more as a garden vegetable than as a field crop. Apparently 
only four varieties were cultivated in France before 1910 namely: 
Yellow Etampes (=Ito San); Early Black from Podolia (= 
Chernie); Brown (= Ogemaw); and Extra Early Black (= Wis- 
consin Black). All of these are short season varieties, indicating 
that the later sorts will not mature in France. 

Italy—The cultivation of the soybean in Italy dates from 
about 1840. At the present time it is grown sparingly in the 
compartments of Liguria, Emilia, Marches, and near Naples. 
In no part of Italy does it seem to be a crop of prime importance. 

Austria and Germany.—A great impetus was given to the 
culture of the soybean in Europe by the experiments of 
Prof. Friedrich Haberlandt (1878) of Vienna, in 1875 and 
subsequent years. Haberlandt obtained seed of nineteen varieties 
at the Vienna exposition in 1873. These were as follows: 


Five yellow-seeded varieties from China. 

Three black-seeded varieties from China. 

Three green-seeded varieties from China. 

Two brown-red-seeded varieties from China. 
One yellow-seeded variety from Japan. 

Three black-seeded varieties from Japan. 

One black-seeded variety from Trans-Caucasia. 
One green-seeded variety from Tunis. 


Of these only four varieties matured at Vienna in 1875, 
namely, two yellow-seeded, one black-seeded and one brown-red- 
seeded, all from China. The black-seeded sort was so late that 
it matured but few seeds. Of the other varieties some did not 
even come into bloom, while the remainder produced blossoms 
or young pods too late in the fall to mature. 

In 1876 the two yellow and the brown varieties were tested - 
by cooperators in Hungary, Bohemia, Steirmark, Bukowina, 
Moravia, and Silesia, favorable results being secured in each case. 

In 1877 seeds of all four varieties were distributed to 148 
cooperators, mostly in Austria-Hungary, but some in Germany 
and Russian Poland, and one each in Switzerland and Holland. 
Most of the tests gave promising results. 
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Haberlandt (1878) published the results of his investigations 
in much detail, and his results had great influence in stimulating 
further investigations. All of the varieties that Haberlandt 
was able to mature were short season varieties, which in general 
are far less productive than later sorts. 

England.—According to Aiton (1812) the iotand was grown 
as early as 1790 at the Royal Botanic Gardens, Kew, but merely 
as a botanical curiosity. The soybean has apparently never 
been grown as a crop in England, where indeed only the earliest 
varieties would be expected to mature. 

Investigations on the adaptability of the soybean have been 
carried on by Dr. J. L. North of the Royal Botanic Gardens 
during recent years. Early varieties were introduced from 
numerous sources. With careful selections two or three quite 
promising early strains have been obtained which mature fully 
and give good yields of seed under English conditions. 

The Varieties Grown in Europe and the Identifications of 
Those Grown by Haberlandt.—Seeds of soybeans were secured 
by the U. 8. Department of Agriculture from various European 
sources, including five packets from Dr. E. Von Tschermak of 
Vienna, said to be the progeny of those used by Haberlandt in 
his experiments. These were tested one or more years at Arling- 
ton Farm, Virginia, and their identities established as follows: 

Samarow.—Seed obtained from Dammann «& Co., Naples, 
Italy, No. 22411, and identical with No. 17260, which last was 
introduced by Thorburn & Co. from Italy. Also No. 01597 
from Von Tschermak, Vienna, said to be one of Haberlandt’s 
varieties, but this is probably an error as Haberlandt mentions 
no green-seeded sort that matured in his experiments. 

Etampes.—Seed from  Vilmorin-Andrieux «& Co., Paris, 
France, No. 21818, proved identical with Ito San. Also adver- 
tised by other Europeans, usually as Yellow Etampes. 

Wisconsin Black.—Seed was received from Vilmorin-Andrieux 
& Co. as “‘ Early Black from Podolia,’”’ No. 21757 and No. 21756; 
from Haage & Schmidt, Erfurt, Germany, as No. 22321; from 
Dammann & Co., as ‘‘Black,’’ No. 22412; No. 01596 from Von 
Tschermak, Vienna, the “Black’’ of Haberlandt’s experiments: 
and No. 5039 from Vilmorin-Andrieux & Co. as ‘‘ Extra Early 
Black Seeded.” This last is the original importation of the 
variety later named Wisconsin Black, 8.P.I. No. 25468, which 
is now commercially handled by a few seedsmen. 
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“Yellow Riesen.’”—Seed obtained from Haage & Schmidt, 
No. 22318. The variety is very similar to Mammoth, but some- 
what later. No. 22317, “Yellow,” from the same source, has 
indistinguishable seeds, but these did not germinate. 

Buckshot—No. 22322, obtained from Haage & Schmidt, is 
indistinguishable from the Buckshot variety, 8.P.I. No. 17251. 
It was received as “Early Black from Podolia,” but is not the 
same as the variety received under the name from another source. 
Seeds of this variety were also mixed in the brown seed from 
the Botanical Garden of Bremen, Germany, and grown as No. 
25212A. 

“‘ Yellow.” —This variety was received from Dammann & Co., 
No. 22414, and Vilmorin-Andrieux & Co., No. 21754, the two 
being identical and different from any others yet received. It 
is a small, early variety, maturing at Arlington in ninety days. 
No. 17276, without name, from Havre, France, is a very similar 
but distinct variety, matched exactly by No. 01594 from Von 
Tschermak, Vienna, said to be the progeny of one of the yellows 
used in Haberlandt’s experiments. 

““Brown.’’—Seed under this name was obtained from 
Dammann & Co., No. 22413, Haage & Schmidt, No. 22319, and 
Vilmorin-Andrieux & Co., No. 21755. These seeds are indistin- 
guishable, but only No. 21755 grew. The original seed of this 
is much smaller than Ogemaw, but in 1909 both the seeds and 
plants could not be distinguished from Ogemaw from Michigan. 
No. 25212, from the Botanical Garden, Bremen, Germany, also 
with brown seeds, was likewise indistinguishable from Ogemaw 
in 1909, though the original seeds were different both from No. 
21755 and from Ogemaw. Finally two lots of seed, Nos. 01595 
and 01598, from Von Tschermak, Vienna, said to be the brown 
of Haberlandt’s experiments, also proved to be Ogemaw. 

Butterball—The variety secured from Dammann «& Co., No. 
22415, as “Giant Yellow,” could not be distinguished from 

§.P.I. No. 17274, Butterball. 

There are no authentic records of a few of the earliest S.P.I. 
importations from Europe, so that nothing definite can be said 
as to their identity. Among these are No. 1492 (brown seeded), 
No. 1493 (black seeded), and No. 2156, Yellow Etampes, all 
from France. From these data it would appear that in 1909 at 
least ten varieties of soybeans were more or less grown in Europe. 

The four varieties used by Haberlandt in his trials include with 
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scarcely a doubt Wisconsin Black, Ogemaw, and No. 17276, 
“Yellow.”” What the other yellow seeded sort may have been 
is doubtful. It could scarcely have been Etampes or Ito San, 
as that variety could hardly be expected to mature in Vienna. 

Hawaiian Islands.—Soybeans are grown to some extent by 
the Japanese inhabitants. In Kona, Hawaii, the yield is said 
to be 600 to 1,000 lb. per acre from the early and medium varie- 
ties, and about double this quantity from the late sorts. It is 
estimated that about 200,000 lb. of seed are produced annually 
in the islands, but ten times this quantity is imported from 
Japan, especially for the manufacture of soy and miso. About 
100 varieties have been tested by Krauss (1908, 1911) at the 
Hawaii Agricultural Experiment Station, many of them produc- 
ing very satisfactorily. 

Australia.—Numerous experimental trials with the soybean 
have been made, in Victoria, Queensland and New South Wales. 
The crop has not given promising results in New South Wales 
but success resulted in Victoria and Queensland for both seed 
and forage. 

Africa.— Although the soybean was successfully cultivated as a 
rotation crop with corn in the upland, midland and coast dis- 
tricts of Natal and throughout the Gambia, Sierra Leone, 
Nigeria and Gold Coast Colony, it was not until about 1910 
when everything pointed to a further advance in the price of 
all oil-seeds that special efforts were made to secure the adoption 
of the soybean as a South African staple. Previous to this 
time the prices for soybean seed offered little prospect of a 
remunerative crop except to the advantages as a rotation crop. 

The first trials of soybeans at Cedara, Natal, in 1903 gave a 
maximum yield of 920 lb. to the acre. The third season’s 
trial in the same field produced 1,252 lb. to the acre. It was 
found that imported seed for planting purposes gave very poor 
results whereas local grown seed resulted in satisfactory results. 
In West Africa the first experiments gave from 6 to 8 bu. 
to the acre, the low yields being due to the low viability of the 
seed. The continued poor germination of imported seed in 
various parts of Africa led to experiments which have resulted 
in the establishing of strains giving very satisfactory results. 
Results from the extensive experiments point to the fact that 
the soybean is adaptable to a wide range of elevation and tem- 
perature. In general, the climate most suitable for corn seemed 
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to furnish the required conditions for soybeans, although certain 
sorts gave most excellent results in the tropical conditions in the 
Gold Coast country. One of the greatest difficulties encountered 
in the culture of soybeans has been the finding of a satisfactory 
method of harvesting. 

Extensive investigations have been made with all of the 
Governmental Experimental farms in Africa in cooperation 
with English firms handling oil and oil-seeds. It was found 
that beans grown in South Africa yield 20 to 22 per cent. 
oil, as against 15 to 16.5 for the same varieties grown in 
Manchuria. 

Argentina.—Extensive experiments have been conducted 
with soybeans during recent years in Argentina, and the results 
have been such that many planters plan to grow the crop on a 
commercial scale in preference to linseed as a restorative crop 
in rotation with wheat. Tonnelier (1912) reports on the results 
of the work as to varieties, culture and analyses. 

Canada.—Soybeans are grown in very small quantities in 
Canada and then usually as a forage crop. Experiments have 
been carried on by the Ontario Agricultural College for several 
years. About 20 varieties have been tried, but most require too 
long a season to mature. The very early maturing varieties 
and selections from these have been quite thoroughly tested 
in cooperative experiments as reported by Zavitz (1916). The 
Early Yellow (Ito San) variety has given an average of 15 
bu. to the acre for the past 15 years. The average yields 
of twelve varieties grown in competition for the past 5 years 
at the Ontario Agricultural College are: O.A.C. No. 111-15.8 bu.; 
Buckshot, 15.8. bu.; Habaro, 15.7 bu.; Chernie, 15.5 bu.; 
Brown, 15.3 bu.; Quebec No. 92, 14.8 bu.; Early Yellow (Ito 
San), 14.2 bu.; Quebec No. 537, 13.6 bu.; O.A.C. No. 81, 13.4 
bu.; Ito San, 13.3 bu.; and Medium Green (Guelph) 6.2 bu. 

Philippines.—The soybean is not a native crop in the Philip- 
pines. Varieties imported from the United States, China and 
Japan, Java and India have been tried out at various times 
at the different experiment stations in Luzon. Variety trials 
at Singalong and Batangas gave returns of forage and seed that 
were unsatisfactory. At Alabang-and Lamao, the plants grew 
normally in every way, but were one-third smaller than plants 
of the same variety in Virginia. Layosa (1918) and Norona 
(1919) have done considerable successful breeding work with 


AGRICULTURAL HISTORY OF ‘THE SOYBEAN 51 


strains of this crop. At the present time the soybean is not 

recommended for general culture in the Philippines. 
Egypt.—Tests with the soybean have shown that it succeeds 

as a summer crop. Seed was sown the latter part of June, and 
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Fie. 10.—Map of the Orient showing where the soybean is extensively and suc- 
cessfully grown. 


the crop harvested at the end of September. When cut for 
hay nearly 6 tons to the acre were obtained. It was found 
that cattle, sheep and goats ate the fodder, but that donkeys 
and mules would not do so. The following yields of seed in 
pounds per acre were obtained: Manchurian, 1,257; Medium 
Yellow, 1,596; Elton, 1,061; Morse, 1,486. 
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Cuba.—Calvino (1920) conducted extensive tests with varieties 
from the United States relative to their adaptation, culture, 
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Fie, 11.—Map of North and South America, showing the regions where the soy- 
bean is being successfully grown. 


yields and nutritive value. The yields in bushels per acre of 
varieties were as follows: Peking, 21.3; Early Brown, 171; 
Black Eyebrow, 16.4; Biloxi, 14.5; Hahto, 14.4; Virginia, 13.7.; 
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Wilson-Five, 13.6; Amarilla Nakasawa, 13.3; Arlington, 12.1; 
Mammoth, 8.1; Barchet, 7.6. The percentages of oil ranged 
from 15.6 (Arlington) to 19.2 (Biloxi) while the percentages of 
protein ranged from 28.1 (Virginia) to 39.1 (Hahto). 
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Fie. 12—Map of Europe and Africa, showing where the soybean has been 
grown with success. 


British Guiana.—Soybeans have been cultivated experiment- 
ally in several districts in British Guiana. The varieties under 
test, however, did not give very successful results. 

Mauritius.—Trials with soybeans have not given very satis- 
factory results. If sown as early as May or June, the plants 
suffer from the effect of cyclones and torrential rains, whereas, 
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if sown later in the year, they are liable to attack by the “haricot 
fly’ and to destruction by birds and small mammals. 

Present Culture Distribution.—At the present time the soy- 
bean is cultivated abundantly in China, Korea, Manchuria, Japan 
(Fig. 10) and the United States (Fig. 11). It is still a crop of 
little importance in northern India, Indo-China and in the 
Malayan Islands. Soybean culture is also established in Italy, 
France, southern Russia (Podolia, Samarow), Hungary, Hawaii 
and South Africa (Fig. 12) but the extent of cultivation in each 
of these countries is small. 


CHAPTER V 
CULTURE OF THE SOYBEAN 


The culture of the soybean presents no special difficulties. 
In the Orient the culture is mainly by hand but in the United 
States machinery is generally employed and is necessary to reduce 
the cost of production. Unsatisfactory results are most often 
due to lack of inoculation or else to the employment either of 
very early varieties which are of low yield or of sorts too late to 
mature. 

The wild soybean is known to occur in southern Manchuria, 
Japan, and China. It is thus seen to be a plant of warm tem- 
perate regions. No information has been recorded as to the 
soil conditions which the wild plant prefers. 

The mass of data that has been accumulated in the culture of 
the soybean emphasizes the fact that it is a plant adapted primar- 
ily to temperate regions with fairly humid warm summers. Even 
the Chinese have not been able to grow soybeans.very successfully 
in the tropical portions of southern China. For some reason 
as yet obscure, under tropical or even subtropical conditions, 
the seeds fail to develop and the pods are empty. In the tropics 
the soybean may be expected to succeed only at considerable 
altitudes in the mountains or on islands where the influence of 
the sea may protect against too high temperature. 

In regions with a decidedly cool summer climate, the soybean 
is not well adapted. In most of Europe only the very early 
varieties will mature, and such varieties are dwarf and of low 
yield. 

Climatic Adaptations.—The conditions under which the soy- 
bean thrives are said to be far more varied in Manchuria than 
in any other country. The crop succeeds equally well in semi-arid 
regions, in valleys subject to floods for several weeks during the 
rainy season, and in northern latitudes having a growing season 
similar to that of the Dakotas and Minnesota. The soybean 
may be seen from the shores of the Yellow Sea to as far north as 
52 degrees of north latitude, but the region most suitable is the 
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upland country beyond Mukden in about 44 degrees north lati- 
tude (Fig. 13). 
In general, the climatic adaptations of the soybean in America 
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Fie. 13.—Map of Manchuria, showing the soybean districts and seed production 
of different localities. 


are about the same as for varieties of corn and cotton (Fig. 14). 
It is especially adapted to the Cotton Belt and northward into 
the southern part of the Corn Belt where the larger and later 
varieties, which give yields that make their extensive cultivation 
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profitable, can be grown. However, in the northern states, 
early varieties obtained from northern Manchuria mature fair 
yields of seed while later varieties are grown successfully for 
forage and ensilage purposes. Under conditions in the southern- 
most parts of the Gulf States most soybean varieties seldom 
grow normally. Although a satisfactory growth of forage is 
obtained, the pods fail to fill well. Similar conditions exist in 
Arizona, New Mexico, and parts of California where extremely 
hot weather prevails during the period when the pods are forming. 
The soybean is less susceptible to frost than either the cowpea 
or corn, light frost having but little effect on the plants when 


Fic. 14.—Outline map of the United States, showing the areas to which the 
soybean is especially adapted as to varieties and purposes: (1) the later and 
larger varieties for seed production; (2) medium and medium-late varieties for 
seed and the same varieties and later varieties for forage; (3) very early varieties 
for grain production and the medium and medium-late varieties for dry forage 
and for ensilage. 


young or even when nearly mature. If the seeds are fairly well 
developed before a killing frost occurs they will usually ripen 
satisfactorily. The soybean is more drought resistant, and also 
less sensitive to an excess of moisture than either corn or cowpeas. 
It seems to thrive remarkably well in a season of drought, and in 
a wet season neither growth nor production is seriously reduced. 

Soil Preferences.—The soybean has been found to succeed on 
nearly all types of soil. The best results, however, as experi- 
ments have shown, are obtained in sandy or clay loams containing 
fair quantities of potash, lime and phosphoric acid. In general, 
the soil requirements of the soybean in the United States may be 
said to be-about the same as for corn, provided inoculation is 
present, but the crop will not make nearly as good growth in poor 
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soils as cowpeas. Although the soybean does not require a well- 
drained soil for good results, it will not succeed in a soil where 
water stands for any considerable length of time. Swamp and 
peat soils after being drained and limed have usually been 
found to produce this crop very well. On the muck and semi- 
muck soils in eastern North Carolina excellent yields of beans 
and forage are produced and the crop occupies an important 
place in the farming systems of that region. With inoculation 
and moderate amounts of fertilizers the soybean grows well in 
the sandy soils of the Coastal Plain area. 


Fig. 15.—Soybeans grown on the edges of a mee field in southern China. 
(Photographed by F. N. Meyer, Agricultural Explorer, U. S. Dept. of Agr.) 


In Manchuria the soybean is to be seen growing everywhere, 
and flourishing even in quite sandy soils. The best results are 
obtained, however, in the upland country beyond Mukden where 
the hills—the product of the decomposition of palaeozoic rock 
(gneiss)—are overlaid with wind-deposited soil which, being 
friable, is peculiarly suitable for the growth of a shallow-rooted 
plant like the soybean. The bean grows well in the river bottoms 
with their water-deposited soils from the river beds of the Liao 
and Sungari Rivers and their affluents. In these districts the 
rich loamy soil guarantees bountiful harvest in all but abnormal 
years. The soil in south Manchuria is said to be less suitable for 
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the best results with the soybean than that of north Manchuria. 

The soybean succeeds best in soils of a medium texture in 
Japan. It also succeeds in comparatively light soils, often giving 
an abundant crop on soils too poor to grow clover. Good results 
have been obtained in Europe on a great variety of soils. In 
South Africa good crops were raised on old farm land, newly- 
broken farms and on irrigated lands. Variety tests by the 
government experiment station show that the soybean succeeds 
there on a great variety of soils. 

Water Requirement.—In tests at Akron, Colo., in an inclosure 
which reduced solar radiation to 80 per cent. of normal, Briggs 
and Shantz (1914) found that soybeans required 744 lb. of 
water to produce 1 lb. of dry matter. Results obtained by 
Whitson (1902) at the Wisconsin Station show that soybean 
plants used 527 lb. of water to produce 1 lb. of dry matter. 
A yield of 7,980 lb. of dry matter to the acre, equal to 9,177 
lb. of hay with 15 per cent. moisture, was produced and the 
quantity of water used was 18.68 in. 

Preparation of Seed Bed.—In China, Japan and Manchuria 
soybeans are almost entirely produced by hand methods. The 
fields are rarely broken up and prepared before planting, the 
cultivation, therefore, taking place after the bean plants begin 
to grow. Both in China and Japan the soybean is frequently 
planted along the edges of rice or wheat fields and on the new- 
built dykes of rice fields (Fig. 15). These edges are, as a rule, 
very soft, for they have been previously prepared so that little 
labor is required in planting. When a field is to be planted 
exclusively to soybeans, it is fitted well. Inthe mountain districts 
of Japan where the farms are terraced land is often. chosen 
which has laid fallow all winter, or wheat or barley fields are used. 
The soybean seeds are put into holes beside the stalks of ripen- 
ing winter grains. 

In the United States the fitting of the soil is similar to that fer 
corn. Soybeans like corn, readily respond to any extra soil 
preparation. When the soybean is to occupy the land the entire 
season, it should be plowed early and deep, fitted and then 
harrowed at intervals until the beans are planted; otherwise, 
weeds are likely to choke out the young plants. Thorough disking 
will give the proper preparation after a crop of early potatoes 
or peas, or on stubble land after wheat or winter oats, provided 
the soilismoist and mellow. Aseed bed with alight, loose covering 
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of mellow soil, well smoothed by the harrow, is conducive to 
uniform depth in planting and to a good stand of plants. A soil 
free of clods insures the best results, especially in seeding broad- 
cast, which may be desirable in the better soils. 

Time of Planting.—Soybeans may be sown at any time after 
danger of severe frosts is over. The plants, however, grow 
slowly in cool weather and ordinarily there is no advantage in 
planting earlier than corn. In general, the best time for seeding 
may be said to be about that for corn. 

In a series of time of planting tests, Mooers (1908) at the Ten- 
nessee Experiment Station found the extreme dates of successful 
planting to be April 3 and August 6. At the later date the Ito 
San variety produced 13 bu. of seed per acre. June proved 
to be the most favorable month in which to plant any variety. 

Results secured in a series of dates of planting tests with the 
Haberlandt variety at Arlington Farm, Va., are shown in the 
following table: 


TaBLe XVIII.—Acrr YIELDS oF SEED AND Hay OF SOYBEANS AT DIFFER- 
ENT Dates or PLANTING AT ARLINGTON FARM, VIRGINIA 


Green forage Hay Grain 
Date of planting 

1915, 1916, 1915, 1916, 1915, 1916, 

tons tons tons tons bu. bu 
IME he Mea clad olmounaed multe Corea tors 2.09 1.96) 3343.) °27 56 
Mayan ners gta ie neice 10.06 | 8.36 2.39 2.09 | 34.0 | 25.3 
JUNE irre net eae ates Menlo DOIN a im it Le) () 1.03! | 33.3 10.3? 
ULOTeVe a MRO eee aint ales Chole al” Castevs 1.83 ZOO) S) cocoe eons 
Jilly TR se dame ae om Sa eon 2.00 1.82 | 24.3 | 23.6 
SU VAUO gee tess gee tele Olea cee eee) 1.50 eae 19.3 12.0 
AUGUSUNI seen ye Meter 2.63 | 3.64 | 0.87 | 0.94 


The time of planting in Japan is between May 20 and June 10 
in the northern and eastern provinces, and as early as April in 
the southern and western sections. In some parts of China and 
Manchuria the seed is sown as late as June while in other parts 
in April. 

Methods of Seeding.— Under nearly all conditions the soybean 
should be grown in rows (Fig. 16) and given sufficient cultivation 
to keep down the weeds. The yield of seed is nearly always 


1 Poor stand due to pigeons eating the seedlings. 
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Fie. 16.—A field of the Peking variety of soybean grown in rows and cultivated, 


Fic. 17.—A broadcast field of soybeans showing how weeds have overrun the 
field. 
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greater when grown in cultivated rows. However, if the land 
is quite free from weeds and the crop is to be used for hay, soiling, 
or green manure, drilling broadcast will furnish a forage of finer 
quality. The main objections to solid drilling are the larger 
amounts of seed required and the greater growth of weeds in cold 
wet seasons (Fig. 17). Broadcasting and covering the seed with 
a harrow is seldom advisable. 

Spacing.—The width between rows varies from 24 to 36 in., 
most often 36 in. so as to facilitate easy cultivation. The 
plants of different varieties range in height from 1 to 5 ft. or 
more, so the optimum distance apart of rows is thus partly a 
matter of variety and partly one of the culture implements to 
be employed. In eastern North Carolina, the soybean is planted _ 
in rows 4 ft. apart and ridged to facilitate drainage. The 
plants should generally occur about every 3 or 4 in. in the 
row. Few tests as to different plant spacings have been reported, 
but the results shown in the following table give some gees. 
as to the relative merits of different distances, 


TaBLE XIX.—YIELDS oF SOYBEANS VARIOUSLY SPACED 


Yield of grain Yield of forage 
Distance between rows 
Illinois, Indiana, Tennes- Indiana, | Tennessee 
bu. bu. see, bu. tons | tons! 
Broadcasts pe ume crea 18.30 LS LOM een 2.95 | 
Prilledssolidy eri ere 17.00 21523 12.20 3.04 2.94 
sR ORR tc ee feertch Sach ee ARR Sh 19.04 
ae a ate ee Pan es aie me 8 aly nein § BE OOM Ameo ers 2.74 
Dai ee ote ee ee 22.42 
Oe bs RnR Sriram Rel LMR rick ale ict ect 16.3 
2 tne ac Meany ueleete nes 197665)" 20:5 ~ ata age 2.85 
BOM len hehs, Oca elt Se eee 18.5 
3banee 21.10 LO 1) ese 2.41 
36 in.. Scat Stas ahs cal Se nese ae 15.4 
LORIN a Sete ter he ates, 19.9 19.4 Paves 2.04 


Grantham (1912) in.a five-year test at the Delaware Station 
comparing methods. of sowing obtained 5.9 bu. difference 
‘per. acre. in. favor..of. drilling’: solid.. Where the.soybeans.: were 
cultivated, only two-ninths as ‘muth seed was used as where sown 
solid. In these experiments the drilled rows were 32 in. 
apart and cultivated three times. 

1 Straw. 
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The ordinary grain drill furnishes, perhaps, the most conve- 
nient means for seeding in rows or broadcast. The width of rows 
may be adjusted by covering the feed cups not in use (Fig. 18). 
To prevent splitting of the seed, the oats feed should be used. 
Corn planters can be satisfactorily used, as most of the modern 
planters have special plates for planting beans. In the southern 
states the cotton planter is used quite extensively. 

In China and Manchuria, the beans are planted in some dis- 
tricts in rows about 17 in. wide, the plants about 2 in. 
apart in the rows. In other districts, the beans are planted in 


Fie. 18.—The ordinary grain drill furnishes a most convenient method of seed- 
ing in rows or broadcast. 


24 in. rows, allowing about 7 plants to the foot. These widths 
of rows allow the small horses or donkeys to draw a crude, one- 
horse plow of the single shovel type between them. This 
naturally throws the soil into ridges so that by the time the 
beans are laid-by the plants are growing on top of ridges 5 or 
6in. high. In Japan, furrows are made about 2 ft. apart and the 
seeds are sown, two or three together, about 10 in. apart. 
This method of planting is also practiced quite extensively in 
central and northern Manchuria. 

Rate of Seeding.—The quantity of seed to be sown to the acre 
will vary somewhat according to the size of the seed and the 
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purpose for which the crop is grown. Rate of seeding experi- 
ments indicate that with rows from 24 to 36 in. apart from 20 to 
30 lb. is satisfactory and when sown broadcast for hay, from 1 to 
114 bu. of seed is required. Results secured at different experi- 
ment stations with rate of seeding tests are shown in the 
following table: 


Taste XX.—Acre YIELDS oF SOYBEAN Hay AND SEED WHEN PLANTED 
AT DIFFERENT RATES 


Rateron Thrashed grain Hay 
seeding | Width of 
acre, RON ED ake Ohio, | Indiana, |Tennessee,| Ohio, Indiana, | Tennessee, 
Ib bu bu. bu. tons tons tons 
15 28 5 a 20.26 aiiane 1.62 
30 28 |24, 28. | 36 | 20.31 20.8 15.4 1.62 2.85 2.391 
36 Le me LOE oes Bae See 5 18.5 onions aah 3.131 
40 2& 8 ella ea oe Pile tt cee ys ae 
45 28 ie 24 | 22.49 poyn L623 eee era Eche 2.72 
60 28 30 18 | 22.05 21.7 24.5 SO UAD 3.18 2.741 
90 Aa sts aro Neeser 20.9 whee ol See ee OS 
120 8 AD 8 | 19.68 ARH 12.2 2.07 | Pian 2.941 


From 20 to 30 lb. of seed to the acre are sown in the interior of 
Manchuria while on the coast and in the river valley regions about 
one-half of this amount is used. In Japan where the manner of 
seeding is somewhat different, the rate of seeding is estimated 
at about 3 bu. to the acre. 

Seeding Soybeans for Pasturage.—Different methods of 
seeding soybeans to be pastured are used in various sections 
of the country. In the southern states, especially North Caro- 
lina, where a considerable acreage is used for hog pasture, 
from 114 to 2 bu. of beans are sown broadcast in rows 
at the last working of the corn. The hogs are then 
turned in when the seed is fully mature. The two crops are 
sometimes grown together and then pastured down, as is often 
done with corn. The corn and soybeans may be planted in 
alternate rows (Fig. 19) or mixed and drilled in the same row. 
In many instances, especially for young hogs, the beans are 
planted alone in fields. The grazing period may be prolonged 


1 Straw. 
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for hogs by planting early, medium, and late varieties. By 
this method of planting, pasture would be supplied for a period 
of several weeks. Early maturing varieties may be sown after 
wheat and oats and make sufficient growth for considerable 
feed in the fall. 


Fic. 19.—Soybeans and corn grown in alternate rows for pasturage. 


Depth of Seeding.—The depth of planting soybean seed is 
quite important, poor stands frequently resulting from too 
deep planting. The depth should not exceed 2 in. in the heavier 
types of soil, since with shallow planting chance of failure due 
to formation of a soil crust is lessened. In sandy soils a deeper 
planting, 2 to 4 in., can be made with good results. In a test 
under favorable conditions with the Mammoth Yellow and Pek- 
ing varieties, 100 seeds each were planted respectively 1, 14%, 
2,214,3 and4in. deep. The percentages of plants reaching the 
surface one week after planting are shown in the following table: 


TaBLE XXI.—GeERMINATION OF SOYBEANS AT DirFERENT DrprTHs or 
PLANTING AT ARLINGTON FARM, VIRGINIA 


Per cent. germination at different depths 
Variety = oe <2 2 
1 in. | 144 in. 2 in, | 216 in. | 3 in. | 4 in. 


| 
Mammoth....| 100 | 93 98 | 95 | 92 84 


Peeing se nan. 95 | 97 92 | 92 | 90 | 86 
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At the Tennessee Experiment Station Mooers (1912) found 
that the Ito San variety failed to reach the surface when the 
seed was planted 6 in. deep. At 5 in. the stand was very poor 


Fia. 20.—Roots of a soybean plant, showing abundant development of nodules. 


but it was apparently perfect at any depth of planting between 
1 and 4 in. 

Inoculation.—In common with most other legumes, soybeans 
are able to utilize the nitrogen of the air through the action of 
bacteria which live on the roots of the plant. The presence 
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of these organisms, a peculiar strain of which occurs on the 
soybean is indicated by the development of nodules or tubercles 
on the roots (Fig. 20). Soybeans are inoculated with the 
bacteria from the soybean nodule only. Klimmer and Kruger 
(1914) made a detailed study of nodule bacteria from eighteen 
different legumes, belonging to nine sharply defined groups. 
The soybean fell in a group by itself. On soils poor in nitrogen, 
soybeans will make an indifferent growth unless the bacteria are 
present (Fig. 21). <A pale or greenish-yellow color of the plant 


Fic. 21.—A plat of soybeans without inoculation (in the foreground) and an 
adjacent plat which had been inoculated (in the background). 


is very often an indication of lack of nodulation. Soybeans, 
however, give very good results in rich land, even though the 
bacteria are not in the soil, but in such cases the nitrogen will 
be taken from the soil, and, therefore, it will not be increased 
as is the case when the bacteria are present. 

Artificial Inoculation.—Natural inoculation now occurs quite 
generally throughout much of the regions where soybeans are 
grown extensively. However, when the crop is planted in 
land that has not previously grown the crop it is advisable to 
inoculate. Without doubt most of the unsatisfactory results 
in the first trials with soybeans are due to lack of proper bacteria. 
Inoculation may be obtained either through the use of pure cul- 
ture, which may be purchased, or by the use of inoculated soil 
from a field where the plants have previously developed nodules. 
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While artificial cultures may prove satisfactory, it is believed 
that the soil method will prove cheaper and more efficient in most 
cases. It is essential that the inoculating material be placed 
under the surface, and using the grain drill with the fertilizer 
attachment will prove the best method. Another soil method, 
equally efficient, is the thorough mixing with a bushel of beans 
about 1 gal. of finely sifted inoculated soil. After soybeans 
have been grown on one field on the farm, soil can be taken 
from this field and used to inoculate other fields. 

In an inoculation test of commercial cultures, Fellers (1918) 
found that soybeans were harder to inoculate than most of the ~ 
common legumes, many of the cultures failing to give satisfactory 
results with this plant. 

Variations in Nodule Formation—Variations in soybean 
inoculation with different varieties have been observed. Voor- 
hees (1915) in a study of several varieties found the plants of 
all varieties bore root nodules except the Haberlandt, which 
seemed to lack them entirely. The Mikado had numerous 
nodules, spreading around the top root in a close mass, this 
also being true to a less extent with the Auburn and Mammoth 
Brown varieties. The Tarheel Black had a few large nodules 
scattered on the finer roots as far as 8 to 12 in. from the tap root. 
In two rows, where the Haberlandt and Mammoth Brown varie- 
ties were mixed in planting, the root systems became rather 
closely associated. After separating the roots of the two varie- 
ties, it was found that the Mammoth Brown variety had numer- 
ous nodules scattered throughout, but no nodules were found on 
the roots of the Haberlandt. Voorhees is of the opinion that 
different varieties of the same legume bear different and definite 
powers of resistance to association with symbiotic bacteria. 
Somewhat similar results in soybean inoculation were noted by 
the junior author at the West Tennessee Experiment Station, 
Jackson, Tenn., in 1911. The Acme and Tokio varieties lacked 
root nodules, while the Mammoth variety planted under the 
same conditions, produced many of them. 

Difference in susceptibility to inoculation between varieties 
of soybeans and in some cases even total resistance to inoculation, 
as had been reported by several investigators, has been shown 
by Leonard (1916) not to exist in the 19 varieties of soybeans 
tested by him under laboratory and greenhouse conditions. 
The smoothness and oily nature of soybeans has been suggested 
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by Fellers (1918b) as possibly presenting some of the difficulties 
in soybean inoculation. 

Relation of Nodulation to Yield and Composition of the Seeds.— 
In experiments to study the influence of nodules, it was found 
by Smith and Robinson (1905) of the Michigan Experiment 
Station that, although the presence of the bacteria on the roots 
in a fairly rich soil may not notably increase the yield, the inocu- 
lated plants were far richer in protein and therefore of greater 
value than the ones not inoculated. In Table XXII are given 
the results of the above experiments, showing the influence of 
the nodules on the composition of the ripened seed. 


Taste XXII.—INFLUENCE oF NODULES ON THE COMPOSITION OF SEED. 
Micuican EXPERIMENT STATION 


Moisture,| Protein, | pooteids,| per’ | per”| hycretes, | ar” 
ber'cent. | per cent. per cent. | cent. cent. | per cent. | cent. 
Ogemaw: 
Not inoculated..... . | 8.08 35.39 22.69 15.66 | 5.18 30.52 5.17 
Inoculated.......... 8.88 42.20 31.28 13.36 | 5.20 26.13 4.23 
Medium Green: 
Not inoculated...... 8.12 31.23 21.46 17.38 | 5.92 32.22 
Tnoenlated a2. st6ac-<0 8.80 36.45 24.51 16.27 | 5.40 27.96 


In a study of the value of nodule formation at the Cedara, 
South Africa, Experiment Station, the leaves and stems of the 
plants provided with nodules contained 2.78 per cent. of nitrogen 
and those without nodules only 1.77 per cent. in the dry matter. 
The nodules themselves contained 4.19 per cent. nitrogen. The 
presence of nodules did not seem notably to affect the content 
of phosphoric acid or potash in the plant. Basing calculations 
on the composition of dry matter in the leaves, stems and roots, 
it is estimated that the soybean crop with nodules contained 113.5 
Ib. of nitrogen to the acre, as compared with 75.98 lb. from that 
without nodules. 

Although previously stated that inoculation may not notably 
increase the yield, the inoculated beans may show an increased 
growth over the uninoculated ones. In 1915, Prince (1917) in 
a test at the New Hampshire Experiment Station found the 
inoculated plot of soybeans gave 7.192 tons in green weight to 
the acre, while the uninoculated plot gave 4.672 tons, thus repre- 
senting the gain for inoculation 2.520 tons to the acre. 

Fellers (1918a) found in New Jersey that inoculation gave 
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a substantial increase in the yield of total dry matter and of soy- 
beans in every case. In inoculation tests by Eastman (1922) at 
the New Hampshire Station, the inoculated plants showed a 
remarkable difference in color and also in the number of root 
nodules in comparison with the uninoculated. Chemical analy- 
ses showed 2.26 per cent. nitrogen in the leaves and stems of the 
inoculated plants as against 1.79 per cent. in the uninoculated— 
that is the inoculated plants contained about 26 per cent. more 
nitrogen than the uninoculated. 

At the Wisconsin Experiment Station, Woll and Olson (1907) 
grew the Wisconsin Black variety of soybeans both on inoculated 
and on uninoculated soil. Analyses of the crops indicated that 
inoculation of the soil increased the nitrogen content of the plant, 
the percentage of fertilizer ingredients in the roots, and the pro- 
tein content of the beans; and decreased the percentage of ash 
constituents in the plant. It will be noted that these results 
coincide with those obtained in a similar experiment at the Michi- 
gan Station. Fellers (1918) found in New Jersey that with 
inoculation the protein content increased, in direct proportion 
to the completeness of infection. 

Relation of Nodule Formation to Fertilizers—Fellers (1918a) 
at the New Jersey Experiment Station found that on sour soils, 
liming stimulated nodule production to a marked degree—in 
some cases as much as 1,500 per cent. Nodule production was 
also stimulated on limed soils by acid phosphate, but this was 
not so marked on acid soils. With potash (muriate) in applica- 
tions of from 50 to 400 Ib. per acre, nodule production was 
slightly stimulated on the limed plots, but not on the unlimed. 
Nitrate of soda inhibited nodule formation and consequent 
fixation of atmospheric nitrogen. Manganese sulfate did not 
stimulate nodule production. Land plaster (600 Ib.) was found 
to increase the production of nodules. 

Investigations at the Cornell Experiment Station by Wilson 
(1915) in physiological studies of Bacillus radicicola confirm 
earlier work regarding the influence of nitrates on nodule produc- 
tion and indicate that sulfates in relatively weak concentration 
inhibit the process. Chlorids and phosphates stimulate nodule 
production, while ammonium salts are inhibitory. It was deter- 
mined that while nodule development was prevented by the 
presence of nitrates, sulfates and ammonium salts, yet the 
organism retained its vitality in the presence of these salts. 
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Acidity, according to Bryan and Fred, (1920) of the Wisconsin 
Experiment Station influences the inoculation of soybeans. 
Investigations showed that cowpeas and soybeans dropped off 
markedly in both growth and nodule formation as soon as an 
excess of either acid or alkali appeared in the soil. Corn, on 
the other hand, made a reasonably satisfactory growth even 
under acid conditions which were sufficient to prevent the 
inoculation and to stunt both soybeans and cowpeas. 

Effect of Soybean Germination on Bacteria——Haas and Fred 
(1919) at the Wisconsin Experiment Station conducted a series 
of investigations as to whether or not the germination of legume 
seed has by its excretions an injurious effect upon the growth of 
the nodule-forming bacteria with which the seed have been inoc- 
ulated. It was shown in the studies upon yellow soybeans that 
the germination of the seed favors the growth of bacteria. When 
bacteria-free soybean seeds were obtained directly from the 
pods and inoculated with soybean bacteria, no toxic action 
of substances excreted from the germinating seed upon the 
growth of the nodule bacteria was observed. 

Vitality of Soybean Bacteria in the Soil—No experimental data 
seem to exist as to the length of time legume bacteria live in 
the soil. Fred and Davenport (1922) at the Wisconsin Experi- 
ment Station state that in a rich silt loam neutral soil, soybean 
bacteria have been known to live more than 18 years, but asarule 
the number of legume bacteria in a soil free from legumes 
decreases rapidly after 2 or 3 years, and in an acid soil the disap- 
pearance is even more rapid. 

Fertilizer Reactions—When grown on land giving good 
yields of corn or following corn grown on a_.well-manured sod, 
an excellent crop of soybeans may be expected without direct 
applications of fertilizers. The use of fertilizers, however, is 
recommended where the soil is sandy or relatively poor. 
Numerous tests have been conducted by various American 
experiment stations as to the fertilizer requirements of the soybean. 

In China and Manchuria the only fertilizer applied is a compost 
of stable manure and earth, the latter often taken from pools 
formed in the roads. The kinds of fertilizers used in Japan 
differ by districts. In some provinces straw ashes and super- 
phosphate of lime are commonly employed, while in others 
wood ashes, superphosphate of lime, and manure are used. 

Nitrogen.—Special experiments were carried on at the Con- 


72 THE SOYBEAN 


necticut Storrs Station, by Phelps (1895, 1900, 1901) and by At- 
water and Phelps (1898, 1899), to study the effects upon the yields 
when different kinds and quantities of nitrogenous fertilizers 
were used in addition to uniform quantities of mineral fertilizers, 
and to study the effect of the nitrogen in the fertilizers upon the 
percentage and amount of protein in the crop. The results 
secured indicate that while mineral fertilizers are of great value 
in increasing production, nitrogenous fertilizers do not greatly 
increase the yield or percentage of protein in the crop over that 
obtained from the mineral fertilizers only. The percentage and 
yields of protein in the soybean bear very little relation to the 
quantities of nitrogen used. 

Flagg, et al. (1894) at the Rhode Island Station found that 
with eighteen legumes the application of 150 lb. of nitrate of 
soda to the acre seemed more profitable than 450 lb. The 
clovers seemed most benefited by the smaller application, 
while with soybeans this application did not pay the cost the 
second year. 

In a series of tests by Brooks (1904) at the Massachusetts 
Experiment Station manure and other fertilizers furnishing 
nitrogen were compared. Table XXIII gives the yields of 
beans and straw obtained with various nitrogen fertilizers. 


TasLe X XIII.—Errect or Various NirrRoGENoUS FERTILIZERS ON THE 
YIELD OF SOYBEANS. Massacuuserts EXPERIMENT STATION 


| l 
Nitrogen fertilizer | Beans, bu. | Straw, Ib. 


Manure (most of potash used contained in 

TUANUTE) a. cere oi te ate ee eee 23.8 2,010 
Nitrate of soda (muriate of potash)............ 20.5 1,700 
Nitrate of soda (sulfate of potash)............. 24.8 2,080 
Dried blood (muriate of potash)............... 16.7 2,015 
No nitrogen (sulfate of potash)................ Vick 1,705 
Sulfate of ammonium (sulfate of potash)........ 16.9 1,480 
Sulfate of ammonium (muriate of potash)....... 11.6 1,160 
No nitrogen (muriate of potash)............... ileal 1,125 
Sulfate of ammonium (muriate of potash)....... 14.8 1,390 
No nitrogen (muriate of potash)............... 8.8 745 
Dried blood (sulfate of potash)................ 21.7 1,225 


Phosphorus.—At the Rhode Island Station, Hartwell (1920) 
found the ability of soybeans to secure their needs for phosphor- 
ous to rank between that of carrots, which obtain their full require- 
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ments, and turnips which were practically unable to grow 
without phosphatic application. 

In a series of experiments by the Rhode Island Experiment 
Station the effects of nine different phosphates upon limed 
and unlimed land with Medium Green soybeans are shown in 
the following table: 


TaBLE XXIV.—Errects or DirrERENT PHOSPHATIC FERTILIZERS WITH 
AND witTHouT Lime. Ruope IstaNnpD ExPERIMENT STATION 


Green forage Grain 
Kinds of phosphates 
Limed, lb. Unlimed, lb. Limed, bu. Unlimed, bu. 
Dissolved bone-black. . 170 122 20-9 Qo 
Dissolved bone....... 160 126 29.3 26.8 
Acid phosphate ....... 160 126 PHT 25.3 
Fine ground bone..... 161 129 29.3 27.5 
Basic slag meal....... 178 152 29.8 27.3 
ibayaiicee re. che ett ins 141 143 26.5 23.6 
Redondite (raw) ...... 99 110 17.2 16.0 
Redondite (roasted)... 140 109 24.6 19.1 
No phosphate........ 102 75 LOA 14.2 
Double superphosphate 113 102 25.3 19.7 


Potash —Experiments to determine the relative value of 
muriate and high grade sulfate of potash by the Massachusetts 
Experiment Station extended over a period of fifteen years. 
It was found that the average of all trials was favorable to 
the sulfate, and it would seem that there can be little doubt 
that where the two potash salts are continuously used the 


TaBLE XXV.—Tue INFLUENCE OF DirFERENT PoTasH SALTS ON YIELDS 
or SoyBeans. Massacuuserrs EXPERIMENT STATION 


Potash salt Beans, bu. Straw, lb. 
INICIO USM emi. ar Sea on Geeh i a1ayt s 4% sponorape estas 22.72 1,896 
TREAD EH, pends to elas ie Ol eee Oe one 16.96 1,350 
HTP A CeO Ua Geet gy. costars bs lenght gie crass) eveuy 25.86 1,984 
WCE GeSotrryu KNOS IU MGI Le yea race nee Ponieh ae ee eae ae 22.76 1,712 
gh) ane! Ot eee ie ae eee 23.03 1,728 
SAC Da eee nae ee ME iia ac Guan hades vaitne = 23.38 2,036 
Chond brerneli veal B55 6 A ee ee ene Peat aca aea ae 27.86 2,288 
SST LHS MMM eRe Ges en eee Cue faroe Sate BAe ahcyas eSy< hy 25.40 2,024 
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sulfate rather than the muriate should be selected. The supe- 
riority in yield with the former is usually much more than sufficient 
to cover the small additional cost of that salt as compared with 
the muriate. The results obtained in the application of different 
potash salts are shown in Table XXV. 

The Rhode Island Experiment Station found that soybeans 
were able to derive two-thirds of their potassium needs from a 
soil so poor in potash that mangels could obtain only one-fourth 
and summer squash about one-tenth of their requirements. 

Lime.—The results shown in Table XXIV and similar experi- 
ments with other plants indicate that the soybean can thrive 
quite well upon soil so ‘‘acid” and so poor in carbonate of lime 
that many other crops can not be grown successfully. However, 
it will be noted that lime invariably increases the yield of the 
soybean, and in the unlimed series the floats gave a better 
yield than any other phosphate, with the single exception of 
basic slag meal. 

The Massachusetts Experiment Station began in 1914 an 
experiment to study the relative value of different sources of 
lime on the basis of equal applications of combined calcium 
and magnesium oxides. The following table gives results 
obtained up to 1914. 


TaBLE X‘XVI.—Errects or DirrERENT KINDS oF LIME ON THE YIELD 
OF SOYBEANS. MassacHuserts EXPERIMENT STATION 


Before liming, 1913 After liming, 1914 
Fertilizer Hay to Re ee Soybeans, | No lime shee Haat 
acre, Penne weighed | equals 100 
lb. per cent, | green, lb. | per cent. 
Tobey lime....| 5,284 | 141.7 | 13,692 | 148:0 | 31.20 | 2,484 
Marl titans 5,010 134.0 | 18,738 148.5 30.00 2,435 
Ground — lime- 
stone......,. 4,490 120.0 9,887 106.9 30.02 2,359 
Noy Mens ae. 3,730 100.0 9,250 100.0 28.86 2,273 
Thi OLd eraeren te 5,100 136.7 | 10,437 112.8 35.25 3,209 


At the New Jersey Station, Lipman et al. (1914) found that 
liming was followed by an average increase of 150 lb. of beans 
in the yield of seed for the varieties grown on limed and unlimed 
land. In 1913 at this station the limed plats gave an average 
increase of total dry matter to the acre of 1,105 lb., and an 
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average increase of seed of 203 lb. as compared with unlimed 
plats. Moreover, different fertilizing materials did not greatly 
influence the percentage of nitrogen in the dry matter, but 
judicious liming increased the nitrogen content of both vines 
and seed. 

Lipman and Blair (1918) in a study of the influence of lime 
on the number of nodules and the percentage of nitrogen when. 
soybeans are harvested for hay found in New Jersey that the 
average yield of dry matter from 12 plants from the limed plats 
was 84.4 gm. and from the unlimed plats 46.5 gm. The percent- 
age of nitrogen in the dry matter was 0.25 per cent. higher 
for the Jimed than for the unlimed plots. On the limed plats 
an average of 85 nodules, and on the unlimed plats of 37 nodules 
per plant, was found. Of six varieties grown to maturity on 
both series of plats all gave the higher yield of beans and straw 
on the limed plats, the average increase being 5.5 bu. of 
beans and 800 lb. of straw. Plants harvested for forage showed 
an average nitrogen content in the tops of 3.08 per cent. on 
limed plats and 2.67 per cent. on unlimed plats, and in the 
roots 1.47 per cent. and 1.24 per cent. respectively. 

Ground oyster shells and burnt lime were both found by 
Fellers (1918) to be very efficient in increasing the yield and 
total dry matter of soybeans on acid soils in New Jersey; the in- 
creases varying from 30 to 50 per cent. Small applications (1,000 
to 2,000 lb. per acre) were nearly as beneficial as larger amounts, 
and are deemed preferable, if made at intervals of a few years, to 
asingle large application. Liming seemed to stimulate nodule 
production by as much as 1,500 per cent. in some cases, appearing 
to be nearly as important as inoculation, although it is stated 
that both should be practiced for the best results. _Nodule develop- 
ment did not take place readily on acid soil, even when the root- 
infecting organisms were plentiful in the soil. Small amounts 
of lime were nearly as effective in raising the protein content 
as larger applications. 

Sulfur.—Shedd (1914) in Kentucky obtained decided gains 
in the growth of soybeans with applications of sulfur, ammonium 
sulfate, pyrite, and ferrous sulfate, and smaller gains with calcium, 
potassium, barium, magnesium, aluminum, and sodium sulfates 
on a soil containing 600 Ib. of sulfur and 3,400 lb. of phosphorus 
to the acre. The best results were obtained with elemental 
sulfur. Pyrite and ferrous sulfate were applied at rates furnish- 
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ing 6 lb. of sulfur to the acre. The sulfur content of soybeans 
which had responded to sulfur fertilization was in all cases 
higher than that of beans which had not been fertilized with 
sulfur. Fellers (1918) in New Jersey found that sulfur 
did not show increased yields of dry matter or seed in applica- 
tions of over 100 lb. to the acre, and that large amounts seemed to 
injure the plants. The protein content appeared to be increased 
by moderate applications of sulfur, but was decreased by 
large applications, the exact reverse being true in the case of 
the oil content. Calcium sulfate in amounts up to 600 lb. per 
acre seemed to exert little influence on the yield of total dry 
matter or seed. The results obtained with zine sulfate and 
ferric sulfate were deemed inconclusive, but these minerals 
seemed to stimulate plant growth and to give increased seed 
production. The protein content was also apparently some- 
what increased. 

Lipman et al. (1921) in a series of experiments in New Jersey 
using inoculated and uninoculated sulfur at the rate of 200, 500, 
1,000, 2,000 and 4,000 lb. to the acre found with 200 lb. of 
sulfur the germination and growth of soybeans to be about 
normal. With 1,000 lb. and over, germination was very mate- 
rially depressed, there being very few plants on the plots that 
received 2,000 and 4,000 Ib. of sulfur. 

Phosphorus and Potash.—In availability work with phosphorus 
and potassium compounds, Lipman et al. (1917) found in New 
Jersey that when soybeans were grown in coarse, white sand, 
basic slag as a source of phosphorus gave about as good yields 
as acid phosphate. Under the same conditions, blue rock 
phosphate yielded only slightly more than the check. Brown 
rock gave somewhat better yields than the blue rock. An aver- 
age percentage of nitrogen in the dry matter of soybean hay 
was about the same with basic slag as with acid phosphate. 
It was distinctly and uniformly less with raw rock and also 
where no phosphate was used. On the white and also on 
the yellow sand, soybeans, when inoculated and supplied with 
available phosphates and lime, gave practically as good yields 
on the check pots as on the marl-treated pots up to the time 
the pods were about one-half filled. When allowed to mature 
there was an appreciable falling off in the yield of seed on the 
check pots, but the yield of stalks was about the same on the 
check pots as on the treated pots. Dry matter of soybean 
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hay from check pots and from marl-treated pots contained 
quite as high percentage of nitrogen as that from pots treated 
with a soluble potash salt. The percentage of potash (K.0) 
in the dry matter of soybean hay from pots treated with soluble 
potash was notably higher than in that from marl-treated 
pots on the check pots, but this appears to be a “luxury” con- 
sumption since the yield of dry matter and the percentage of 
nitrogen are not thereby increased. The work indicates that 
there is a very close connection between the presence in the soil 
of soluble phosphates and the accumulation of nitrogen by 
the soybean plant. 

At the Delaware Station commercial fertilizers do not seem 
to show marked results when applied to soybeans planted on 
good corn land. Fertilizer experiments at this station show only 
a small increase on yield of soybeans from the use of commercial 
fertilizers. In the following table it will be noted that there 
is little difference between the fertilized plants and those not 
treated for an average of years. 


TasBLE XXVII.—Errecr or FERTILIZERS ON SOYBEANS. DELAWARE 
EXPERIMENT STATION 


Bushels per acre 
a Fertilizer = : 
i 1908 | 1909 | 1910 | 1911 | Average 
1 {Acid phosphate........| 300 | 26.5) 21.8] 23.0; 29.0) 25.1 
2 ,Muriate of potash ..... 100 | 26.5] 20.6; 22.3) 29.5, 24.7 
Rime SUG UNIT A on s.. seers ce ne re 0) 22.1 2072 27a 2402 
Acid phosphate ........| 300 | 
4 |Muriate of phosphate ..| 100 | 24.3} 22.8] 18.0) 27.5 23.2 
Acid phosphate ........| 450 | 25.6) 24.8] 21.3) 27.5| 24.8 
5 |Muriate of potash..... 159 | 


As a general formula for soybeans, Mooers (1908) of the 
Tennessee Experiment Station recommends: acid phosphate, 
300 lb.; wood ashes, 250 lb. or muriate of potash, 50 lb. 
Where neither wood ashes nor the muriate is to be had, acid 
phosphate alone may be used to great advantage, 200 to 300 lb. 
to the acre being considered a fair application. Wood ashes 
in the quantity recommended are said to be superior to the 
potash (muriate) for they contain on the average 30 to 40 per 
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cent. of lime and some phosphoric acid in addition to about 
5 per cent. of water-soluble potash. 

Radium.—Field experiments at the Illinois Experiment 
Station with soybeans and corn in which radium fertilizer 
was used at rates furnishing 0.01; 0.1 and 1 mg. per acre are 
reported by Hopkins and Sachs (1915). The soybeans followed 
the corn on the same land without additional application of 
the radium fertilizer. In all cases the average variation from the 
check was so slight and so evenly distributed for and against 
as to lead only to the conclusion that radium applied at a cost of 
$1.00, $10.00 or $100.00 per acre produced no effect upon the 
crop yields either the first or second season. 

Relation of Maturity to Fertilizers—Shuster (1922) at the 
Delaware Experiment Station carried on a series of experiments 
relative to the influence of fertilizers on yield and maturity 
of soybeans. The presence of muriate of potash in fertilizers 
was found to bring the beans to earlier maturity, which is in 
accord with the results of Lipman and Blair (1917) at the New 
Jersey Experiment Station. Applications of 3 to 5tonsof manure 
to the acre favor early maturity probably due to the potash 
contained and gave the largest yields. In the absence of manure, 
acid phosphate, 250 lb., and muriate of potash, 75 lb., are reecom- 
mended to the acre. With lower priced potash, more potash 
should be used. Nitrate of soda did not produce desirable 
results with soybeans, as to maturity, yield or financial returns. 

Cultivation.—The soybean readily responds to good cultiva- 
tion and often one of the common causes of failure with the 
crop is insufficient cultivation. The first cultivation frequently 
is necessary before the beans are up if the soil is heavy and 
forms a hard crust after a rain. A light harrowing should be 
given as soon as possible after the crust forms in order to break 
the crust and allow the beans to come up, and at the same time 
destroy the young weeds. Various methods are employed 
in breaking the crust. The rotary hoe is used with marked 
success in many sections; the spike-toothed harrow is, perhaps, 
more generally used; and the weeder is often employed. 

A light harrowing has been found beneficial when the crop 
is planted, drilled broadcast, or in rows. Experience has shown 
that to harrow the drilled or broadcast crop will result in larger 
yields of hay, and also harrowing the crop planted in rows 
will reduce later work with the cultivator. In using the harrow, 
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the teeth should be slanted slightly backward and the cultivation 
should be diagonally across the rows. 

In general, soybeans planted in rows are cultivated with the 
ordinary corn cultivators. Under favorable conditions the 
soybean germinates in a few days, and cultivation should begin 
as soon as the seedling plants appear. One deep cultivation may 
be given as for corn but afterwards the cultivations should be 
shallow. Cultivation should be frequent enough to keep down 
the weeds, and continue until the plants are ready to bloom 
(Fig. 22). Many blossoms will be destroyed where branches 
are more or less broken, and the yield of seed reduced if cultiva- 
tion is continued beyond that stage. Moreover, soybeans 


Fie, 22,—Last cultivation of soybeans, 


should not be cultivated when they are tender from rain or 
dew as the plants are easily broken or bruised. Level cultiva- 
tion is preferable as the harvesting can be more easily 
accomplished. 

In the Orient, the first weeding and cultivation take place 
when the seedlings reach a certain height. The field is weeded 
and cultivated two or three times during the growth of the plant. 
Although most of the cultivation is accomplished by hand, a 
crude one-horse plow of the single shovel type is used. 

Soybeans in Mixtures.—The soybean may be satisfactorily 
grown in combination with other farm crops. Although the 
chief advantage is a better balanced ration, the mixtures give 
a larger yield and also a greater variety of forage. ‘The combin- 
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ing of soybeans with other crops for forage is rapidly gaining 
favor, thus indicating the advantages of different combinations. 

Soybeans and Cowpeas.—Soybeans and cowpeas make a very 
satisfactory mixture for hay or pasture and the yield is nearly 
always greater than that of either crop alone. In this mixture 
tall, strong-growing varieties of soybeans are desirable as they 


Fie. 23.—Soybeans and sorghums grown in mixture for forage purposes. 


tend to support the vining cowpeas. Varieties of these crops 
having about the same maturity should be selected. ; 

In sowing a mixture it is essential to have more soybean 
plants than cowpeas so that the vining growth of the cowpeas 
may be supported properly. One bushel of soybeans and 
one-half bushel of cowpeas will give excellent results if drilled 
broadcast; if planted in three-foot rows, about one-half of this 
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quantity is sufficient. The seed can be sown best with an ordinary 
grain drill, whether it is to be in rows or broadcast. 

The time for cutting the hay will depend on the relative stages 
of growth of the two crops. As nearly as possible, both plants 
should be at that stage of growth giving the best quality of hay. 
This time is when the soybean seed is about full grown and the 
first pods of the cowpeas are ripe. The harvesting and curing 
of a mixture of cowpea and soybean hay is more easily accom- 
plished than of cowpeas alone, and slightly more difficult than 
in the case of soybeans alone. 


Fig. 24.—A field of soybean and Sudan grass grown in mixture for hay. 


Soybeans and Sorghums.—Soybeans grown in combination 
with sorghums (Fig. 23) make an excellent hay, soiling, or ensilage 
crop. The tall-growing varieties of soybeans, like the Virginia, 
Arlington, or Wilson-Five and either the Amber or Orange varie- 
ties of sorghums are preferable. This mixture is, perhaps, most 
satisfactory in cultivated rows, as the sorghum is apt to choke out 
the soybeans when broadcasted, unless the sorghum is planted 
thinly. When sown in rows, about 15 lb. of sorghum and 45 lb. 
of soybeans per acre will be sufficient. 

Soybeans and Sudan Grass.—Sudan grass is an excellent crop 
for growing in combination with soybeans (Fig. 24): Not only 
is a better yield but a better-balanced forage obtained, as the 
Sudan grass is low and the soybean high in protein. The best 
results are to be obtained by broadcasting, planting about 50 lb. 
of soybeans and 10 lb. of Sudan grass to the acre. This mixture 
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is cut for hay about the time the soybean seeds are nearly full 
grown. ‘This hay is easily harvested and cured. 

Soybeans and Johnson Grass.—Jobnson grass, as well as Sudan 
grass, is excellent for growing in mixtures with soybeans. The 
- same methods of combining Sudan grass and soybeans apply to 
a Johnson grass and soybean combination. 

Soybeans and Millet—Soybeans and millet are not especially 
recommended as a mixture. The millet matures too early for 
any of the good forage varieties of soybeans. 


Fie. 25.—A field of soybeans and corn grown in the same row for ensilage. 


Soybeans and Corn.—Soybeans are more generally grown with 
corn than with any other crop (Fig. 25). The mixed crop is 
sometimes pastured but usually cut and ensiled. When the 
object is to secure a mixed silage of corn and soybeans, various 
methods are employed, but the three in most common practice 
are: 

1. Planting the soybeans in separate fields from the corn. 
When filling the silo, loads of corn are cut alternately in the ratio 
of one load of soybeans to three of corn. 

2, The soybeans and corn are planted in alternate rows, or 
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two rows of corn and one of soybeans. These are then harvested 
and cut into the silo together. 

3. The easiest, least expensive, and perhaps the most common 
method is to mix the corn and soybean seed when planting. 
With this method the planting is all done at one operation and 
the crop may be eared for as commonly practiced. In different 
sections the manner and rate of seeding differ somewhat. In 
Wisconsin the usual method employed is to mix the corn and 
beans in equal quantities and regulate the planter to drop seeds 
at about twice the ordinary rate for planting ensilage corn. 
Occasionally the corn is planted in check rows at the usual dis- 
tance and afterward the soybean seed is planted between the 
corn hills with a hand planter, dropping about five seeds to the 
hill. Another method of mixing the seed is to add to the 
regular seeding of ensilage corn 6 to 8 lb. extra of soybean seed 
per acre. 

Under conditions where corn grows tall and leafy, much larger 
yields of soybeans can be secured in separate fields. Where 
the soil and climate will permit, it would lessen the cost of pro- 
duction to grow the soybeans with the corn. Results obtained 
by Minns (1912) at the Cornell Experiment Station do not favor 
the planting of the two crops together as the beans are apt to 
be crowded out in competition with the corn. “It would appear 
that the harvesting and maintaining of the desired proportions 
of beans and corn could be more certainly accomplished by grow- 
ing the two separately. 

Soybeans have been considered especially for use with corn 
to increase the protein content of the silage. Comparing corn 
and soybeans grown separately as well as combined in the drill, 
Hartwell (1920) found in Rhode Island that an insufficient pro- 
portion of beans was obtained by planting the two crops together 
in the same drill. It is suggested that when the desirable propor- 
tion of one part of beans to three parts of corn is required for 
the silo, the two crops should be planted separately. Noll and 
Lewis (1921) in a series of experiments in Pennsylvania found 
that soybeans grown with corn for ensilage did not give increases 
in yield of total material over corn alone. In only two years out 
of six did the soybeans comprise more than 5.2 per cent. of the 
total green weight. The presence of 10 per cent. or more of 
soybeans with the corn appreciably increases the percentage of 
protein in the silage. 
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Soybeans, Sunflowers and Corn.—Bergh (1920) in Minnesota 
has recommended a mixed crop of corn, sunflowers and soybeans 
for silage. In growing the mixed crop the seed was used in the 
following proportion: Corn, 3 parts; sunflowers, 1 part;soybeans, 
1 part; and planted at the rate of 20 lb. per acre, drilled in rows 
40 in. apart with a corn planter. This produced a larger tonnage 
than either corn or sunflowers planted alone. 


CHAPTER VI 
HARVESTING AND STORAGE OF SOYBEANS 


Soybeans present no especially difficult problems in harvesting 
by machinery. Several special types of machine have been 
devised for harvesting and thrashing soybean seeds, which reduce 
greatly the cost of production. With good care soybean seed 
can be stored for long periods without loss. Unlike most other 
beans, they are rarely injured by weevils. 

Harvesting Soybeans for Hay.—The soybean when cut at the 
right stage of growth and properly cured makes an excellent hay 
of high feeding value and is greatly relished by all kinds of live 
stock. The use of this hay as a source of protein, which can be 
grown on the farm, to balance feeds for growing livestock or 
for milch cows, should reduce the quantity of high-priced concen- 
trated feeds which it is necessary to purchase. 

Time of Cutting —The soybean may be cut for hay at any time 
from the setting of the seed until the leaves begin to turn yellow. 
It is most suitable for hay, however, when the pods are well- 
formed for at this stage of growth the largest yield and the best 
quality of hay will be obtained. If the crop is cut earlier, the 
percentage of protein will be higher but the total yield will not 
be so large and the difficulty of curing much greater. If the 
cutting is delayed, however, the stems become more fibrous and 
decline in feeding value, and if left too long, much loss in leaves 
will occur. The variation in the composition of hay of the 
Mammoth Yellow variety cut at different stages of development 
is shown in the following table: 


TaBLE XXVIII.—Composirion or Hay or Mammoru SoyBEAN AT 
DIFFERENT STaGES oF DeveLoPMENT. ARLINGTON FARM, VIRGINIA 


| 


Moisture, | Protein, | Fat par as re Ash 

Stage of growth per cent, per cent, ak oor ak per cent, Conk. 
 DIOOM. <- oc 6 « ere Leal 19.22 | 1.45 38.56 26.50 | 9.16 
Pods forming... ... 6. «- Oneo 12.72 | 1.06 42.50 30.82 | 7.65 
Seed half developed...) 5.40 10.31 | 2.34] 44.73 30.45 | 6.77 
Seed fully developed..| 5.30 15.94 | 7.83} 38.76 25.97 | 6.20 
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Curing Soybean Hay.—Although some experience is essential 
to cure soybean hay properly, those who have cured cowpea 
hay will find that of the soybean much more readily and easily 
cured. Under promising weather conditions, the cutting may 
begin as soon as the dew is off the plants and continue for the 
rest of the day. The plants should be allowed to lie in the swath 
until the leaves are thoroughly wilted, but great care should be 
exercised to rake them before the leaves become dry and brittle. 
After raking into windrows, the plants should be left for a day or 
two, depending on the weather. The hay can then be placed in 
small cocks or bunches. Five or six days of good curing weather 


Fie. 26.—Soybean hay on frames. Under unfavorable weather conditions hay 
can be successfully cured in this manner. 


is ample time for making good soybean hay. Most of the curing 
is done in the shocks which if well put up, will withstand con- 
siderable wet weather without damage. Great care should be 
used to prevent the loss of leaves, as these are a most valuable 
part of the plant. 

Under unfavorable weather conditions, curing frames or poles 
with cross pieces can be used to good advantage (Fig. 26). 
These frames are usually three or four-sided pyramids made of 
boards or poles 3 to 6 ft. long, fastened together at the top and 
held by cross pieces near the base. With these frames a 
hollow shock is formed, thus allowing the free circulation of 
air which lessens the danger of spoiling and secures better curing. 
Although the hay should, as a general rule, be in a well-wilted 
condition when placed in the frame, well-cured hay has been 
obtained by placing the crop on the frames as soon as cut. 
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Soybean hay should be thoroughly cured before it is stacked or 
housed. The hay may be placed in good-sized stacks or under 
cover. When stacked in the open it is essential that grass or 
some other material that sheds rain be placed over the stack. 
In stacking the hay, poles or logs placed in the center of the 
stack so as to leave passages for air will greatly lessen the danger 
of spoiling. 

Shrinkage in Curing.—During 1915, 1916 and 1917, a series of 
experiments was carried out at Arlington Experiment Farm to 
secure data on which to base a sampling system that would give 
greater accuracy and insure the investigator of results in spite 
of weather conditions for field curing in forage experiments with 
the soybean. Ten pound samples of green material were taken 
in duplicate from plots cut for hay yields. In taking the sam- 
ples, the work was done as quickly as possible, to avoid loss in 
weight by evaporation. Burlap bags were used to receive all 
samples and each sample was marked with a tag bearing a num- 
ber and other data necessary for identification. The samples 
were stored in a favorable place to facilitate drying and at the 
same time were given protection from rain. 

Table X XIX gives the results obtained with ten varieties of 
soybeans ranging from the early, Black Eyebrow, to the very 
late, Barchet. 


Taste XXIX.—Comparison oF THE Loss IN MorstruRE IN 10-LB. 
SAMPLES OF GREEN FoRAGE OF TEN VARIETIES OF SOYBEANS WHEN 
Arr Driep. ARLINGTON Farm, VIRGINIA 


= Average 

Variety ahs 2th ae F Bestel t. a ie 

PAMIECIIEe ARs cc Balas 74.4 78.4 77.5 76.8 
JG hata {rte a ein 78.1 78.4 17.5 78.0 
Bamba ti fees ceysd sit op Tout TDnO 72.8 73.8 
Black Eyebrow ....... 75.5 80.0 78.6 78.0 
DIGI bation fe er ae TO. 45.50 74.7 74.5 
Wiearmmotn.o2...-.: -. 75.9 orl 72.2 eG 
EVE TEL Ona tienes ele o> ay ones 74.4 70..5 74.4 75.4 
EDGEIO Pee nasal oe lj. 74.1 Tout i222 73.3 
WING IMMA wer. vires wo se 75.3 79.5 75.9 76.9 
VES GINS chee e csuce tics cuss 75.6 76.6 75.6 75.9 
PANODEE eine gti nti. aye oe 1501 76.7 (gra 75.6 
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Yields of Soybean Hay.—The soybean will yield from 1 to 3 tons 
of hay to the acre and occasionally 4 tons, depending upon 
the quality of the soil and the favorableness of the season. 
Under favorable conditions soybeans should average at least 
2 tons to the acre. Yields of hay of important varieties secured 
at various experiment stations in the United States are given 
in table XXX on p. 89. 

Harvesting for Silage——Soybeans may be used for silage 
any time from the appearance of the first bloom until the pods 
are full grown, the best results, however, being obtained if the 
plants are cut when the pods are about one-half filled. The crop 
may be harvested with a side-delivery reaper or with a twine 
binder. The latter implement is, perhaps, the best and most 
satisfactory as the beans can be handled in bundles easily and 
without waste. 

Harvesting the Seed.—The character of growth and the 
uniform maturing habit of the soybean plant contribute to the 
ease of harvesting the seed. In the United States the harvesting 
and thrashing is largely accomplished by machinery, that 
is, where the area planted is sufficient to warrant its use. In 
Manchuria and Japan the soybean is harvested and thrashed 
entirely by hand methods. 

Time of Harvesting—The soybean is strictly determinate as 
to growth—that is, the plants reach a definite size, according 
to variety and environment, and then mature and die. Nearly 
all varieties shatter their seeds somewhat, if allowed to stand 
after reaching maturity. The shattering of the seeds is rather 
a serious fault and inexperienced growers often sustain heavy 
losses of seed through lack of knowledge and improper handling 
of the soybean crop. Special attention is required when the 
plants approach maturity to prevent serious losses from the 
shattering of the seed. 

When the soybean plant is near maturity, the leaves begin to 
turn yellow and drop; and before all of the pods are fully mature 
the leaves, except in a few varieties as the Guelph, have all 
fallen off. In general, the best time to harvest, except where 
special bean harvesters are used, is when about nearly all 
of the leaves have fallen and most of the pods have turned 
color. If cut at an earlier stage the plants are difficult to cure 
properly and the yield will be lessened materially on account of 
the immature grain. On the other hand, if allowed to become 


Taste XXX.—Tons or SoyBEAN Hay To THE ACRE AT DIFFERENT EXPERIMENT STATIONS IN THE UNITED STATES 
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too ripe the pods will shatter before the plants are mowed and 
much seed will belost. Whenspecial harvesters are used to gather 


wea = 52 e 
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Fig. 27.—A field of mature soybeans ready to cut for seed. 
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Fig. 28,—Harvesting soybeans for seed with a bunching attachment on the 
mower, 


the seed, the plants must reach full maturity to obtain the best 
results (Fig. 27). 

The stage of maturity to which the plants should be allowed to 
grow varies also with regard to season and variety. In a hot, 
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dry fall the plants should be cut at an earlier stage than in a cool, 
moist fall. A few varieties, however, can be left with little 
or no loss of seed until time of maturity in any season. 

In the Oriental countries the plants are pulled or cut usually 
just before the pods are mature so as to prevent loss of seed by 
shattering. 

Method of Harvesting—Many methods of harvesting the 
crop are used in different sections where the soybean is grown 
largely for seed production. When the cutting is done with 
a mowing machine, it is well to have a side-delivery attachment 


Fic. 29.—Self-rake reaper used in cutting soybeans for seed. 


(Fig. 28) in order that the horses will not need to trample on the 
swath of cut beans. If cut with a mower without such an attach- 
ment, however, the plants should be removed at* every round 
out of the way of the team, for if trampled upon many of the 
seeds will be shelled out and wasted. 

The self-rake reaper (Fig. 29) has given very satisfactory 
results, as the cut plants are placed in bunches out of the way of 
the machine and team. 

The self-binder can be used to good advantage with the taller 
growing varieties of beans if the plants are not too coarse. This 
method of harvesting is coming rapidly into favor in many sec- 
tions. For the best results with this machine the plants should 
be cut while some of the leaves are still retained, as the plants 
will cut more easily and no loss will result from shattering. 

The bean harvester which is used to a slight extent in the 
northern states is mounted on wheels like a riding cultivator. 
It has knives that can be adjusted to run just beneath the surface 
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of the ground, cutting the plant where it is soft. This machine 
will cut two rows at a time and place both in a windrow for curing 
and convenient for handling. To do good work, the cutting 


Fria. 30.—Soybeans cut for seed with binder and bundles placed in shocks for 
curing. 
knives must be kept sharp; otherwise the plants will be pulled 
out by the roots instead of being cut off. 
Small areas may be cut with a scythe, corn knife, or sickle. 


Fig. 31.—The ordinary gasoline thrashing outfit may be used in thrashing soy- 
beans. 


In some sections comparatively large acreages are cut in this 
manner, 

Methods of Curing and Handling.—When cut with a mowing 
machine with an attachment or with a self-rake reaper, the 
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plants may be raked in small piles or placed in small shocks. 
These piles or shocks should be left for four or five days in 
good drying weather, or until the grain is found to be fairly dry 
in the pods. Wet weather does not injure the crop seriously 
provided the plants are not allowed to rest on the wet ground too 
long at a time. If rain occurs, the piles should be watched 
carefully and turned frequently. Where a binder is used, the 
bound bundles should be shocked eight or ten to a shock and 
allowed to remain until thoroughly dry (Fig. 30). 

Hay caps are not necessary when the piles or bundles are 
shocked properly. They may remain in the field until thrashing 
time or if thoroughly dry may be housed and thrashed later. 

The cured crop is ordinarily loaded on wagons in the field by 
hand, but the single drum web loader commonly used for haying 
will do the work more rapidly and with less loss of seed than 
the hand methods. 

Thrashing—The ordinary grain separator (Fig. 31) can be 
adjusted to thrash soybeans successfully, but as equipped for 
small grains a large percentage of cracked beans will result. The 
chief cause of split beans is the high speed of the cylinder which 
should be reduced at least one-half, but the speed of the fan and 
other parts of the separator should be maintained. This may 
be accomplished by doubling the size of the cylinder pulleys. In 
some cases a special set of thin concaves is used, while in other 
instances some of the concaves are removed. Good judgment on 
the part of the thrasherman will enable him to adjust the ordi- 
nary separator so that the beans may be thrashed with practically 
no splitting. Some manufacturers have special pea and bean 
hulling attachments for grain separators, which are said to do 
very satisfactory work. These attachments may be added to 
the ordinary separator at a small cost. 

Special pea and bean separators of different sizes are now on 
the market. These types of machines do clean hulling and split 
practically none of the beans. Undoubtedly such separators are 
more satisfactory and economical where a considerable acreage 
of beans is grown. 

Soybeans, if thoroughly dry, can easily be thrashed with a flail. 
If one has only a small acreage—an acre or so—this method is 
practicable and economical. In some sections of eastern North 
Carolina, a thrashing table is employed. This table is merely 
a rough board affair, with a top consisting of two inch pieces about 
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two inches apart. The table is placed on a large canvas in the 
field between the rows of cut beans. Bundles of beans are 
placed on the table and the seed beat out with strong sticks or 
poles. With two men carrying the bundles and two beating out, 
from 50 to 75 bu. can be thrashed out in a day. 


Fria. 32.—A special bean harvester used in gathering the soybean seed from the 
standing mature plants and also cleaning it. 

In a few sections a corn shredder has been used to advantage. 
If properly cured and dried, the beans shell out very readily with 
this machine. 

Special Bean Harvesters—The harvesting of seed from the 
mature standing vines by means of patented bean harvesters, 


Fia. 33.—A special bean harvester by which the plants are cut, thrashed, and 
cleaned. 
of which there are several types (Figs. 32, 33) is rapidly gaining 
in popularity in sections where the soybean is grown rather exten- 
sively for seed. The commonest type is a two-wheeled, box- 
like machine and is drawn by two horses (Fig. 34). As the 
machine passes over the row of plants, four sets of rapidly revolv- 
ing arms or long teeth on a large revolving cylinder like the 
cylinder of a separator shatter the beans from the pods into the 
body of the harvester. As the machine moves up the row, 
the seed is constantly raked by a man to the rear of the box, As 
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the seed box becomes filled, the seed is removed and the pods and 
broken stems are screened out. To secure the best results the 
rows should be ridged, though recently patented machines are 
suitable either for ridged or level rows. One of the types of 
machines also has a cleaning arrangement. Under favorable 
conditions, two men with a team can harvest one acre in about 
two hours by this method. Although there is some loss of beans, 
it is more than compensated by the saving of time and labor. 

Seed Yields.—In regard to the seed yield of the soybean, 
there is considerable variation in the figures given by authorities 
in different countries. In Manchuria bean experts estimate 
the yield from 1,100 to 1,600 lb. to the acre, commercial authori- 
ties from 1,600 to 1,800 lb., and Japanese agricultural experts 
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Fic. 34.—A special bean harvester used to gather soybean seed from the stand- 
ing mature plants, and which can be adjusted to level or ridged culti- 
vation. 
from 400 to 2,000 lb. In the best bean-producing districts 
the average yield is said to be more than 1,800 lb. to the acre. 
The average yield of soybeans to the acre in Japan for the 
decade 1904-1913 is 15.7 bu. The highest average yield, 
21.6 bu. is recorded on the west or Japan Sea coast, while the 
lowest average yield, that of the Soochoo Islands, is 8.48 bu. 

In South Africa at the Government Experiment farms as high 
as 2,000 lb. per acre were recorded, while in many instances 
the yield was well over 1,000 lb. to the acre. 

When grown alone for seed, the best varieties under proper 
culture in the United States yield from 30 to 40 bu. of seed 
to the acre. A maximum yield of 50 bu. to the acre has 
been reported from North Carolina. Seed yields of the more 
important varieties grown in the United States, as reported by 
investigators at various Experiment Stations, are shown in 
Table XXXI. It will be seen that the yields vary greatly 
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with the same variety at different stations. This in most cases 
may be attributed to the adaptability of the variety to certain 
localities for seed production. In general the figures given repre- 
sent the average yield for a number of years, and indicate the 
best seed-producing sorts. 

Proportion of Straw to Seed.—The proportion of straw per 
bushel of grain has been worked out by Williams and Park (1917) 
of the Ohio Experiment Station, the data being obtained from 
5-year average yields of seed and straw. In the following table 
it will be noted that the highest seed yielders have a compara- 
tively low proportion of straw to seed. 


TaBLE XXXII.—ReELATIVE YIELDS oF SrtRAW TO SHED IN DiIrrERENT 
VARIETIES OF SOYBEANS. Onto EXPERIMENT STATION 


Yield per acre, 5-year average Pade oF ee 
Seed, bu. Straw, lb. ne feed Sey aces 

Pia bie. ee get es. 140%) 35292 164 1977 
FARIA Ae a eerie ce 19.88 2,786 140 122535 
@Cloudte ae 7. eae 18.34 2,510 137 ie es 
aed Cre ek AR ainben name tee 19.28 2,262 a7 1:1.9 
eam tonlseesce oo a. 23.49 2,636 112 i128 
(NICE 6 (yaa 8 ey ae 19.85 2,114 106 alee 
Pag ots 12) OG, a ee a ae 23.12 2,390 103 eee 
FM EEO UE Geer ee, 22).22 2,110 95 a 
1G Iie) ae ee 24.06 2,278 95 1:1.6 
Arete 0 pone eee 2117 1,956 92 WS Fess 
1 FH Gat hao cara iy oC RO 23.78 2,166 91 neon Weta) 
Medium Green....... Paty 2,185 91 115 
LE Earn, 0M, iene ae 23.70 2,134 90 Teale 
hiGiQO0LS cess 24.00 1,964 81 1:1.4 
Gig DOUG Kes soon acts 29 .22 2,236 vite Leis 
PULL Moen ote iiiot: Bese, kate 26.051 1,906 12 2 


Storing Soybean Seed.—The storage of soybean seed requires 
special care. The massing of large quantities of beans in deep 
bins or other poorly ventilated receptacles should be avoided, 
as heating, which is likely to occur, will ruin the germination. 
Unless the grain is thoroughly dry when thrashed, it should 
be placed in shallow bins or on the floor for a time, where good 


ventilation is afforded. This will allow the- beans to pass 
a 
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through the sweat without heating. The condition of the seed, 
in any case, should be noted occasionally in order to detect 
any tendency to heat. If it should show any such signs, it 
should be removed at once, and spread out until thoroughly 
dry. If the seed is thoroughly dry when ready for storage, 
it may be put into burlap or other loosely woven sacks, and 
stacked up in a well ventilated place. In stacking the sacks 
of seed, two are placed parallel to each other with a space between 
and the next two laid across these in the opposite direction. 
This gives more space and better ventilation. Soybeans are 
seldom attacked by weevils, as are cowpeas, but when a seed 
house becomes badly infested with these insects, they will 
attack almost any grain, including soybeans. They may be 
destroyed by carbon bisulphide. 


Fie. 35—Method of s oring soybean seed awaiting shipment in Manchuria. 
The beans in sacks are stacked under Chinese mats. 


Even when properly stored, soybean seed loses its viability 
rather rapidly (see Table XX XIII). Asa rule it is not advisable 
to plant seed more than 2 years old without first testing 
for germination. 

Various methods are employed in Manchuria for storing 
the seed, one of the most common of which is shown in Fig. 35. 

Separation of Cracked from Whole Soybean Seed.—Frear 
(1922) at the Missouri Experiment Station has had some success 
in separating cracked from whole soybean seed. The principle 
of the method is that whole, round beans will roll down a slanting 
surface, and jump across an opening, while broken, flattened 
beans will slide down and drop through the opening in the slanted 
surface. By careful adjustment it is said most of the cracked 
beans can be removed from the whole beans. However, it is 
almost impossible to remove all of the whole beans from the 
cracked beans that go through the opening. Quite successful 


HARVESTING AND STORAGE OF SOYBEANS 99 


results have been obtained by using the spiral vetch separator 
in separating cracked from whole soybean seed. 

Viability of Soybean Seed.—The seeds of the soybean do not 
retain their viability well, and it is not advisable to sow seed 
2 years old without previously testing. Unless care is exer- 
cised in properly curing and storing, soybean seeds are apt 
to heat and thus quickly have their viability destroyed. A 
small percentage of the seed will, under favorable conditions, 
retain its viability four or five years, and this has been found 
to vary according to variety, as shown in the following table: 


TaBLe XX XIII.—Vtianimiry or SoyBEAN SEED 


Date of germination test 
Variety Seed color eee es hang Sora. ' 
2 5 mos., 1 mo., 2 mos., VER: 
wer si per cent. | per cent. | per cent. per cent. 

Chernie.........| Black 94.0 90.0 76.5 66.0 46.5 
Shanghai........ Black 99.0 94.0 93.0 70.0 43.5 
Baird.......:..+.| Brown 97.0 93.0 88.0 65.0 24.5 
Fairchild........ Black 95.5 93.0 84.5 66.0 20.0 
POG esaecs eee estes Black 92.5 89.5 60.0 60.0 19.5 
Habaroes. cess. Straw yellow 95.5 94.5 78.5 48.0 6.5 
Shingto .| Olive yellow 100.0 97.0 91.0 49.0 5.0 
CUO Coens, ose Black 95.5 81.0 53.5 9.0 4.5 
Ebony...<......| Black 94.0 91.0 71.5 25.0 4.0 
*Pashing st. 32h Green 90.5 88.0 81.5 34.0 SO) 
Ito San.........| Straw yellow 100.0 93.0 83.0 45.0 D5 
Graelplis. tc. .s- Green 97.5 94.5 86.5 14.0 1.5 
Mammoth....... Straw yellow Y A 40.0 62.5 24.0 0.5 
Haberlandt...... Straw yellow 76.0 19.0 2.6 1.0 0.0 
Meyer..........| Black and brown 95.0 87.5 TU: 25.0 0.0 


Pedigreed, Inspected, Registered and Certified Seed.—Sev- 
eral states have formed seed improvement associations, the object 
of which is to specialize in the production and marketing of 
high yielding, adapted pure seed. Seed stock which is descended 
from an individual plant or group of plants of which a perform- 
ance record has been kept is termed ‘‘Pedigreed Seed.’’ ‘ Registered 
Seed”? is pedigreed seed that has successfully passed both the 
field and final inspections conducted by the State Crop Improve- 
ment Association under the supervision of the State Agricultural 
College. Seed of varieties or strains of crops which in tests 
conducted by the State Agricultural College have demonstrated 
their adaptability, purity and yielding qualities and have 
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passed both field and final inspections is termed “Certified Seed ” 

Indiana.—The certification of seed of soybeans shall be based 
upon a preliminary inspection of the crop in the field while in the 
pod before harvest, and a second inspection of a 2-quart 
sample of the respective seed which shall be sent by the grower 
to the Secretary of the Crop Improvement Association. All 
certified grain must contain less than 14 of 1 per cent. of 
of discernible mixture of other varieties. The habit of growth 
of the soybean shall be noted to ascertain the probable variety 
in case of doubt. Whenever a field under inspection indicates 
by its habit of growth that it is not of the variety specified by 
the grower, the question should be settled by the inspector, 
and if the correct name can be applied to it, it shall be certified, 
but if the variety cannot be ascertained it shall not be certified. 

Wisconsin.—One inspection, usually by a county agent, is 
made in the field while the soybeans are growing. Later, a gen- 
eral inspection is made by sending college representatives or 
having the county agent select and send a sample to the college. 
All soybeans must germinate 90 per cent. or above, and the seed 
must be plump and sound in every respect. 

Virginia.—The requirements governing inspection are that the 
field must be grown from registered or certified seed stock. Field. 
inspections are made some time during the 3 weeks preceding 
harvest of the crop. The fields must be rogued and cleared, 
all obnoxious weeds pulled and must show less than 1 per cent 
of disease transmissible on the seed. In final inspection the 
seed must have less than 14 of 1 per cent. foreign material, less 
than 14 of 1 per cent. of apparent mixtures of other varieties, 
must germinate 90 per cent. or more, must be 92 per cent. or 
more of large, whole seed, must show a purity of at least 99 per 
cent. and conform to the State seed law, and must not contain 
more than one in 200 of any weed seed. The seed should be 
hand-picked to eliminate mixtures of foreign varieties. 

Varieties: Black Eyebrow, Wilson, Virginia, Hollybrook, 
Mammoth Yellow, Tokio, Mammoth Brown, Haberlandt. 

Ohio.—The requirements for field inspection are that soybeans 
must be true to variety name, and must not contain more than 
1 per cent. of mixture with other varieties. Requirements for 
certified soybeans are that the soybean seed must be recleaned, 
practically free from split beans, free from all weed seeds, and 
must germinate 93 per cent. or more. 
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Varieties: Manchu, Midwest, Ito San, Elton, Hamilton, Me- 
dium Green, Peking, Wilson, Virginia. 

Michigan.—The Michigan Crop Improvement Association 
inspects three varieties of soybeans: Manchu, Black Eyebrow, 
and Ito San. One inspection is conducted in the field within 
three weeks of harvest time. The other inspections are made 
afterwards of the thrashed beans. The grower after thrashing 
submits an uncleaned sample, and from that it is determined 
whether or not the beans are suitable for cleaning. The seed 
is sent then to the Farm Bureau Seed Department, which is the 
official sales agent for the Association, and it is cleaned there 
under inspection by the Association. 

For the Registered Seed grade, which is seed suited for the 
further production of Pedigreed seed, soybeans must contain 
not more than one mixture in 2 lb., must be of good color 
and appearance, weigh not less than 58 lb., be free of weeds and 
any considerable amount of foreign material and germinate better 
than 90 per cent. Certified seed which is seed of those varieties 
suited for ordinary crop production, must conform to these same 
standards with the exception that it needs to be only 99.8 per 
cent. pure as to variety. 


CHAPTER VII 
COMPOSITION OF THE SOYBEAN 


Although the composition of the soybean plant has been studied 
by many investigators, especially in the United States, it has 
been principally with regard to the nutritive value of the forage. 
The soybean plant differs quite markedly from other plants ordi- 
narily used for forage in its greater content of nitrogen, oil, and 
mineral substances. Lechartier (1903) has, perhaps, made the 
most extensive investigations relative to the nutritive and mineral 
constituents of the different parts of the plant. The proportions 
of the different parts of the plant, according to Lechartier, are 
shown in Table XXXIV. 


TaBLE XX XIV.—PrRoportIoNns or Stems, LEAVES AND Pops 


Percentage of the Different Parts of the Soybean Plant. After Lechartier 


Plant 1, Plant 2, Plant 3, Average, 
per cent. per cent. per cent. per cent. 
Stems tac eee 27.138 23.12 26 .82 25.45 
eaves teaser sor nor oe 35.00 42.44 42.72 40.18 
Rods Seren n ert doe 37 .87 384.44 30.46 34.37 
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Nutritive Constituents—The percentages of the nutritive 
materials contained in each part of the plant is shown in 
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TaBLE XXXV.—NovrritivE Constituents ConraINeD IN Eacu Parr 
OF THE SOYBEAN Pianr. Arrer LECHARTIER 


Green Dry 
Stems, | Leaves, | Pods me Stems, | Leaves, | Pods, oe 
per per per os oe per per per Yee ? 
cent. cent. cent aaah cent cent. cent. pare 
Proportion .....o<......4 2+ 25.45 40.18 | 34.37] 100.00} 26.87 41.33 | 31.78] 100.00 
Water nea eee 18.62 29.38 | 25.98) 73.98 
Nitrogen (total)..... 0.05 0.19 0.26 0.50) 0.27 0.71 1.00 1.92 
Protein (crude)...... 0.34 1.15 1.63 a. 12| 1529 4.43 6.24) 11.96 
Nitrogen (materials).| 0.27 1.03 1.38 2.68] 0.83 3.98 5.29} 10.10 
Amides (asparagin)..| 0.09 0.14 0.18 0.41} 0.34 0.53 0.82 1.69 
Sh eta ah te cei et nes 0.07 0.42 0.57 1.06} 0.28 1.62 2.18 4.08 
Carbohydrates....... 2.19 2.39 2.34 6.92} 8.29 9.25 8.98} 26.52 
N-free-extract....... 1.38 3.49 1.38 5.20) 5.01 12750 5.29} 23.80 
Cellulose............| 2.84 1.91 1.87 6.62) 10.81 7.09 7.48) 25.38 
ABs Cer vats oie tnllew ce 2 Rati abe vox oa tcc wraticllhs ever cveyets 1.29 5.09 2.08 8.46 


The composition of the different parts of the plant varies con- 
siderably as the plant approaches maturity. The following 
table shows the percentage of nutritive constituents of the dif- 
ferent parts of the plant from the time of the bloom until the 
plant reaches full maturity. 


TaBLeE XX XVI.—ComposiTIoN OF THE DIFFERENT PaRTS OF THE SOYBEAN 
PLANT AT DirreRENT STAGES oF GrRowTH, AT ARLINGTON Farm, 


Viraintia! 
Moisture, | Protein, Fat, pediodga Fiber, Ash, 
per cent. | per cent. | per cent. per cent, per cent. | per cent. 
Roots: 
FA WAGON «ovr cies oa. 5.33 9.31 0.76 32.66 45.76 6.18 
Pods 4% grown....... 5.21 8.76 0.93 32.88 46.85 5.38 
Plants mature....... 4.91 3.59 0.56 27.00 59.09 4.85 
Stems: 
Wall lOO rs 6c ve © 4.72 10.44 0.56 35.43 43.31 5.54 
Seed 14 grown....... 3.82 12,34 0.45 34.97 43.67 4.75 
Plants mature....... 4.84 3.33 0.67 30.86 57.72 2.58 
Leaves: 
Full bloom.......... 5.72 19.56 2.08 49.85 14.65 8.14 
Seed 14 grown....... 6.04 19.56 2.61 47.06 14.87 9.86 
Pods: 
Seed 14g grown....... 5.57 18.53 1.50 41.03 25.31 8.06 
Plants mature..... i 6.53 5.26 1.40 45.01 35.61 6.19 
Seed: 
Seed 14 mature...... 5.84 37.38 12.02 30.45 8.07 6.24 
Plants mature....... 5.36 37.56 18.61 29.28 4.64 4.55 


1 Analyses made by Bureau of, Chemistry, U. S. Department of 
Agriculture, 
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Mineral Constituents.—In studies of the mineral constituents 
of the plant, Lechartier found that the leaves and stems both 
contain some phosphoric acid. During the maturing of the 
plant the formed phosphates passed from the leaves to the pods 
and then to the seeds which contain the greatest proportion. 

The proportion of sulphuric acid was found to decrease in 
passing from the stems to the leaves to the pods and finally to the 
seed where it attains its minimum. 

Calcium was found to accumulate especially in the leaves 
which contain six times as much as the pods. Magnesium is 
found everywhere with calcium although it is not as abundant as 
calcium in the seed. 

Potassium was found to be concentrated in the young pods 
from whence it goes into the seed during the formation of the 
seed. The proportion of potassium to calcium is 7 to 1 in the 
seed, 3 to 1 in the pods, but in the leaves there is 4 to 5 times as 
much calcium as potassium. 

The composition of the different parts of the plant changes dur- 
ing the period of ripening according to the emigration of different 
elements towards the seed. Lime and magnesium increase in the 
stems and leaves, while potassium concentrates in the seeds. 

The total weights of mineral materials contained in 1,000 kilos 
(2,204 lb.) of dry forage are given in the following table. 


Taste XXXVII.—Torat Weicuts or MINERAL Marteriats in 1,000 
Kinos! or Dry Forage. Arrer LECHARTIER 


Mineral Materials ie ales i estas amore he 

IProporioneenn eae 26.90 41.35 31.75 

AST rate ee stances 12.91 50.87 20.50 84.28 
Silica nae cee Cee. 0.07 1.46 On12 1.65 
Phosphoric acid....... 1.24 1.58 3.00 6.14 
Sulphuric acid........ 2.24 2.61 iba 6.56 
Calcrim manne rtecn cen 3.88 18.37 2.47 24.17 
Magnesium........... Oi: 5.40 2.16 9.47 
IPOUASSIUTO eee reenact 2.18 4.01 7.45 13.59 
OVNI san aonowenne 0.20 0.07 0.89 1.16 
INTtLOR eT Renee ene 2.05 7.08 10.00 19.13 


According to Joulie, the mineral materials contained in 1,000 
kilos (2,204 lb.) of soybean plants in the dry state are as shown in 
Table XX XVIII. 

1 Kalo = 2.2 Ib. 
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TasBLe XXX VIII.—Mrnerau Mareriazs In 1,000 Kitos! or Dry ForaGe. 
AFTER JOULIE 


Mineral materials oe a ited env o rent, 
INORG RE Th Ca AA Peat ate Re area 12.50 57.88 28.10 
hosphoricracid .. ...Ase.c.740ct ie 4.62 17.39 9.02 
SUIpHUTle acide. ee eee ee 2.72 1.41 2.26 
SlGiiianiewe: seen eee ee te 43 .65 3.28 29.81 
IMA OTESI INS 0 ccokes cee coke ein oe 9.58 8.91 9.36 
PED GMSATINTN ao 0.9, 6 eyes, SS oe at: 9.76 20.29 13.39 
PMOL LINAS coe ee nk etre < e 4.13 0.50 2.88 
PCOMEORT RO tere oes oe Sagres els oe 1227 0.93 aly, 15s 
Soli Coppa enr rons 4 ta eye REOM, rake 32.73 1.03 21.83 


In the following table are shown the percentages of the phos- 
phoric acid, potash, and nitrogen contained in the different parts 


of the plant from the time of bloom until maturity. 


Taste XXXIX.—PpeRcENTAGES OF NITROGEN, PHospHORIC ACID AND 
PotasH CoNTAINED IN DIFFERENT PARTS OF THE SOYBEAN PLANT AT . 
DiFrFERENT STaGEes or GRowTH, AT ARLINGTON FarM, VIRGINIA? 


Moisture, Nitrogen, Potash, Phosphoric 
per cent. per cent. per cent. acid, per cent. 
Roots: | 
Full bloom.........) 3.41 1.40 0.60 0.32 
Pods 44 grown..... | 3.82 1.05 0.50 0.26 
Pods full grown.... | 3.58 0.96 0.47 0.22 
Plants mature..... 3.91 0.64 0. 22 Oo 11 
Stems: | 
Hull DlCOnDs ss ae | 4.00 1.83 1221 0.46 
Pods % grown..... 3.79 1.80 0.91 0.41 
Pods full grown... . | 4.35 1.08 i en leg 0.26 
Plants mature..... 4.27 1.01 0.58 0.22 
Leaves: 
Full bloom........., 5.40 3.59 1.28 0.56 
Pods 14 grown..... 5.78 3.18 0.97 0.50 
Pods full grown.... 7.05 2.16 0.75 0.34 
Plants mature.......| 
Pods: | 
Pods 44 grown..... 4.62 Broo 12 0.87 
Pods full grown..... 5.62 1.29 1.90 0.26 
Plants mature....... 5.56 1.25 1.23 0.25 
Seed: 
Pods 144 grown...... 3.90 5.95 1.80 1.28 
Pods full grown.....| 4.77 6.51 1.82 1.36 
Plants mature...... 4.48 6.37 1.89 1.38 
1 Kilo = 2.2 Ib. 


2 Analyses made by Bureau of Chemistry, U. 8. Dept..of Agr. 
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Forms of Nitrogen in Soybean Nodules.—According to Stroud 
(1921) an examination of 100 gm. of soybean nodules failed 
to show the cyanide radical by a method sensitive to 0.01 mg. 
of hydrocyanic acid. Of the total nitrogen in nodules, 30 to 
40 per cent. is water soluble and 40 to 55 per cent. salt or dilute 
alkali. About 3 per cent. of the water-soluble nitrogen was 
protein or proteose. No globulin and only a small amount 
of albumin was found. Primary amino nitrogen formed 16 per 
cent. of the protein-free water-soluble nitrogen, and amide nitro- 
gen 19.3 per cent. Over 60 per cent. of the total water-soluble 
nitrogen was precipitated by phosphotungstic acid. 

Composition of Seed.—Extensive investigations have been 
made by American and European chemists relative to the 
composition of the seed of the soybean. The seed differs from 
that of other legumes not only by its anatomical structure 
but also by its chemical composition. The differences in com- 
position from other legumes are principally in nitrogenous 
substances, in oil, and in the almost entire absence of starch. 
The following table shows the composition of the soybean com- 
pared with others of the most important legumes. 


TaBLE XL.—ComposiTion oF SOYBEAN SEED COMPARED WITH THAT OF 
OTHER LEGUMES! 


cee : Fat, N-free Fiber,| Ash, 

rete pereent. | percent: | Bey | extract: | per | per 
SOVDCAN ae alts acters 9.9 36.5 17.5) 26.5 4.3 | 5.3 
Cowpesw bcs. 2 eee 11.6 23.6 125 jeroons 4.1 | 3.4 
ield-peazomnetshoe ate 9.2 22.9 ale) vets} 5 Omesed: 
Navy Dean aca. ce cra ail) | Lo 22.7 125) 2oa.0 5.8) (326 
Horseibean weet ee Leo 26.2 0.9| 49.4 Vole ene 
Velvetisbeangs.ascaus es sbilect¢ 20.8 6.4] ~51.0 fata) OPTS) 
Garden peaareencectarce 11.8 25.6 1.64) 53.0 4.4 | 3.0 


The numerous analyses of seed of different varieties indicate 
that the composition varies with the variety. Analyses made 
of over five hundred distinct sorts by the United States Depart- 
ment of Agriculture show a range of from 12 to 24 per cent. 
fat and 30 to 46 per cent. protein. Wide varietal differences 
are shown in amounts of starch, iodine value, and ash. The 

1 Henry and Morrison, Feeds and Feeding. 
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following table shows the differences in composition of a few 
of the best known American varieties. 


TasiEe XLI.—Composition or Common AMERICAN VARIETIES OF SOYBEANS! 


Fresh or air-dry material 
Variety : 

Moisture, | Protein, Fat, Aes ae ae 

per cent. | per cent. | per cent. per ents Gants gene 
IMSIATHOUN <0. pate sacl) te AD 32.99 21.03 29.36 | 4.12) 5.01 
EEO DAN ee ots ete 7.42 34.66 19.19 20.61 Jp Os hd o. Oe 
Haberisandity ss oss. 8.67 36.59 20.55 24.41 | 4.00] 5.78 
el pMkere es ea ate Leo 33.96 22.72 25.4f | A.50| 0.8) 
Mad Westwres.oteo.ceai. 800 35.54 19.78 26730) 4258 |) 5-50 
eine atone sates se 7.45 36.24 18.96 26.28 | 4.79 | 6.28 


The various constituents, according to numerous analyses 
are very unequally divided in the different parts of the seed. 
The following table gives the percentage composition of the 
different parts of the soybean seed. 


Taste XLII.—PrERcENTAGE COMPOSITION OF THE DIFFERENT PARTS OF 
SoyBEAN Spep. ArreR LECHARTIER 


Propor- D Nitrogen- Garkohux 
Part of seed rate poh KE caro evi aoatee Fat Ash 
Entire seed....... 100 90.18 38.06 12.06 17.80 | 4.44 
Cotyledons....... 90 89.43 41.33 14.60 2075: |, 4.38 
Bane yor sees ss ret 87 209 36.93 17.32 10.45 | 4.08 
Beed coat...5.<0.< 8 87.47 7.00 21.02 0.60 | 3.88 


Protein.—The protein content of the soybean ranges from 
about 30 to about 45 per cent. in the different varieties 
tested by the U. 8. Department of Agriculture. The proteins 
of the soybean and its products differ quite markedly from those 
of other legumes not only in amount but in the character and the 
variety and amounts of amino acids which they yield on digestion. 

According to the extended investigations by Meissl and Bécker 
(1883), the soybean contained the following proteids: A so-called 
“casein” (27.6 per cent.), albumen (0.5 per cent.), a proteid 
precipitated by cupric acid and potassium hydroxid (2.5 per cent.), 

1 Tennessee Agricultural Experiment Station, 
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and, in addition a very small amount of non-albuminoid nitro- 
genous substance. 

Osborne and Campbell (1897) give as a result of their study 
of the proteids of the soybean the following: 

1. The chief protein is a globulin, glycinin, differing from 
legumin in containing twice as much sulphur, 0.4 per cent. more 
carbon, and 0.5 per cent. less nitrogen. Its composition is as 
follows: 


Carboni: \ascoes oho eects Oe cela atbetecie.s susrs eateie ne eee eee j2e12 
15 Gigsgos'4:) Nee age a Sc Ghtrond GES ina nla.s octane ce ec 6.93 
INTEPOg liken pees tery eee Fane, 2 ea Ohad eae Oe L7e53 
elif eloqhi mene nieces SAG cam yarn tn Oe teWA oc 0.75 
Oxyienitiakie uc ale tee On OCR OCR ee 22 .63 


2. A very small amount of a more soluble globulin resembling 
phaseolin. 

3. An albumin-like protein, legumelin (0.5 per cent.). 

4. A small quantity of proteose. 

The hydrolysis of the protein, glycinin, according to investiga- 
tions by Osborne and Clapp (1907) yielded the following amino 
acids which are compared with those of cow’s milk. The protein 
of the soybean is very similar to that of cow’s milk. 


Taste XLIII.—PrERcENTAGE COMPOSITION AND COMPARISON OF THE 
AMINO ACIDS OF THE PROTEIN OF THE SOYBEAN AND OF Cow’s MILK 


Soybean Cow’s milk 

GV Cine eter eicanicss erin cienter nee acme nes 0.97 0.00 
A lamin 3a ec etter iene ce ee Pee | not isolated 

Valinetesa rs. co Race ke ti ecu 0.63 7.20 
MGUCITIG . ccna Tete erosion ee 8.45 9.40 
Proline iii. ae ee cas a. he ee Ee SiaiAs 6.70 
Phenvlalataines\.ccmesieree cero cet eee 3.86 3.20 
Aspartic. acide 25s. a, 4y"ecuc cineca ee: | 3.89 1.40 
Glutante’ achd ert cis cirseentass eich arena LOO 15.55 
SOLUS Phases hae, atte obs totes ae eee OR not isolated 0.50 
PTVRONINC 6 ota ae wee ee ee ees eRe 1.86 4.50 
AT ONING< 4. /c (acish aaoroetes clea eee re tte sy. 4.84 
[NILA CC Late Cerne eNO n int aot atte aid door sdew ctor: 1.39 2.59 
ST ON ceed ics nie canada eet Hc ae RRR epee OT Divi 5.95 
AYOMMNOMIG etre’ ones, oe ceca ER cea 2.56 1.61 
Tryptophaneraa. aac acter ete ee ee nee present 1.50 
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These investigators point out that the proportion of amino- 
acids in glycinin is thus not very different from that found in 
animal flesh and approaches it more closely than does that of the 
amino-acids in the protein'of wheat and other cereals. Meissl 
and Bécker (1883) refer to the glycinin as ‘vegetable casein” 
and call attention to the points it has in common with animal 
casein. It is acted upon by strong acids and ferments and gives 
the same products as animal casein with these agents. 

Some Japanese investigators found in the soybean as much as 
6.9 per cent. of albuminoid nitrogen. The protein of the soybean 
yields on digestion a complete amino-acid mixture. Osborne 
and Mendel (19176) found that rats will grow very nearly nor- 
mally on glycinin. It was also proven by these investigators 
that cystine, lysine, and tryptophane had to be added to any 
protein that does not contain them in order to make it growth- 
promoting. It will be noted in the preceding table that the 
soybean has these. In another series of investigations, Osborne 
and Mendel (1917c) proved that the proteins of the soybean, 
unlike those of other leguminous seeds thus far investigated, are 
adequate for promoting growth. It also was found by these 
investigators (1917a) that if the protein of corn, which lacks the 
above amino acids, was supplemented with the: protein of the 
soybean, growth of rats was satisfactory. 

In a series of experiments to determine the presence of creatinin 
in various legumes, Oshima and Ariizumi (1914) found it to be 
present in the soybean in small amounts. 

Carbohydrates.—Many investigators have studied the nitrogen- 
free extract of the soybean from various points of view. In 
many cases, the published analytical data are somewhat conflict- 
ing. The soybean has a variety of carbohydrates, altogether 
amounting to from 22 to 29 per cent., depending on the variety 
and maturity of the bean. The most complete quantitive sepa-. 
ration of the carbohydrates existing in the soybean has been 
made by Street and Bailey (1915). Table XLIV gives the 
constituents contained in the nitrogen-free extract as found by 
these investigators. 

Considerable differences of opinion have existed among investi- 
gators with regard to the presence of starch in soybeans. Blon- 
dell (1888) and Prinsen (1896) did not find any starch. Meissl 
and Bécker (1883) after an extended study of the soybean 
reported starch, the amount found beinglessthan3 percent. The 
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Taste XLIV.—PERCENTAGE COMPOSITION OF THE. NITROGEN-FREE 
EXTRACTS OF THE SOYBEAN 


Galactan oii ica acre oe ore One an eae ee 4.86 
Organic: acids: 52:0 hae. ee eeate pate eee 1.44 
Pen tOsan s.c.0scoc.ckos cro eicoe ue ¢ EAEE ein ae as en ee 4.94 
Lnvert sugatsi.ci utp tne sore enon poi Cea 0.07 
SUCEOS@ 460 oi cte eh, Cao hip petra oon tel nae ee ae ee 3.31 
Raflinose sik. « qk otek a aeeiba cueteces aun wipes eed ae kee ales 
Geaclis yates, oe aed au aes tartan nen eee oe ec ae yee 0.50 
Cellalosecc. ace Ee hoe econ ane nS eae eee ee 3.29 
Undetermined hemicellnlosese-....+- a. -eee e eeree 0.04 
Waxes, color principles, tannins, etc. (by diff.)........ 8.60 
Dextrin's 12h e Ae eee Gr oe ee eee 3.14 

Wait ei Ge, MOS ee ee eC eer. UME Ue ot 5 G 31.32 
Galactanitonr ratinOse.aee eae sees 0.24 
Per cent. nitrogen-free extract..................... 31.08 


starch grains are described as being extremely small and as differ- 
ing in form from the typical pea or bean starch. Hanausek 
(1884) also discovered grains of starch in the soybean, embedded 
in the fat in the adjoining cells where the surface of the cotyledons 
meet, and according to the author, could not be detected by the 
usual chemical methods. Japanese chemists have not identified 
starch in the native soybean. Undoubtedly the discrepancies 
relative to starch content have been due to the maturity of the 
beans or rather the method in which they are allowed to 
mature. Harz (1885) found that where the beans do not mature 
thoroughly or when allowed to mature after the vines were cut, 
starch may be present, some varieties being more likely to con- 
tain it than others. If the beans are thoroughly mature, they 
are practically starch free. Stingl and Morawski (1886) found 
a very small quantity of starch, the formation of which they 
attributed to a very active diastase. 

Thoroughly mature seed of sixteen varieties of soybeans 
grown quite generally throughout the United States were sub- 
mitted by the authors to Dr. Albert Mann of the United States 
Department of Agriculture for investigation as to starch content. 
Dr. Mann reported that in all cases where starch reaction 
was obtained, it appeared upon the inner (approximate) surfaces 
of the two cotyledons. It was intensest at the middle part 
of the line of separation and extended immediately under or 
behind the epidermal layer of these two surfaces. In the major- 
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ity of cases only a trace of starch extended back into the thicker 
‘portion of the cotyledons, that is, midway the inner and outer 
surfaces. One variety, the Hahto, showed a distribution of 
starch throughout most of the cotyledon, although the color 
reaction was nowhere intense. No starch was found in the 
seed coats of any of the varieties and only a mere trace in the 
embryos. It will be noted in the following table that those varie- 
ties with black or brown seed coats (with the exception of the 
Black Eyebrow variety) are practically starch free while a 
general tendency toward relatively high starch content is exhib- 
ited by the yellow-seeded sorts. 


Taste XLV.—Srarcu Content oF COMMERCIAL VARIETIES OF SOYBEANS 
IN THE UNITED STATES 


Variety Seed color Amount of starch 

| ee Black No starch. 

Naiigaie tye eee Brown No starch. 

WW TISOM See ean 737. Black No starch or merest trace. 

Biloxine. oi. 2: << Brown Trace. 

Early Brown......| Brown Small amount. 

Hollybrook....... Straw yellow Small amount. 

CUOMO Ss ioet tes Green Small amount. 

Midwest..........| Straw yellow Thin area covering 34 of inner surface. 

jitehsh \ ae Straw yellow Similar to Midwest but the areas 
heavier in starch. 

Manchite... «+ ac. Straw yellow Strong starch areas in inner surface 
of each cotyledon. 

Mammoth....... Straw yellow Decided starch band on inner surface 


Black Eyebrow.... 


Black and olive 


of each cotyledon. 
Pronounced starch band on inner sur- 
face of each cotyledon. 


Hahto............| Olive yellow Starch grains more or less through 
the cotyledons. 

Chiquita..........| Straw yellow Very strong starch band on inner side 

of each cotyledon. 

Haberlandt....... Straw yellow Very strong starch bands on inner 
side of each cotyledon. 

BP GUO, aretaec ices .| Olive yellow Strongest starch reaction of all varie- 
ties tested. 

Easy Cook........| Straw yellow Decided starch bands on inner sur- 


face of each cotyledon; more or less 
starch to outer side of cotyledons 
also; starch more or less distributed 
through the tissue of the bean. 
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Levallois (1881) reported the presence of 9 to 11 per cent. 
of material soluble in alcohol but which did not reduce Fehling’s 
solution. According to Li Yu Ying and Grandvoinnet (1911-12) 
it does not reduce Fehling’s solution at once but only after 
boiling with mineral acids. When treated with nitric acid 
this material yielded some acetic acid and mucic acid. Tollens 
(1888) calls this substance galactan. Maquenne is of the 
opinion that this sugar material is perhaps galactan which 
gives galactose by hydrolysis and some mucic acid by oxida- 
tion. Schulze and Frankfurt (1894) proved the presence of 
cane sugar in soybean seed. Street and Bailey (1915) found 
only 3.31 per cent. of cane sugar in the Hollybrook (Midwest) 
variety. They also found 5.73 per cent. of reducing matter 
after hydrolysis of the malt extract, of which 2.59 per cent. 
was found to be galactan and pentosan combinations. The 
remaining 3.14 per cent. was considered as dextrin, vegetable 
gums and mucilages. Stingle and Morawski (1886) reported 
the presence of about 2 per cent. of a mixture of different sugars 
which could be readily fermented. They state that the sugar 
found in the soybean bears the closest analogy to lactose. This 
sugar ferments rapidly and entirely in the presence of the 
yeast of beer and gives some glucose. Maxwell (1890) identified 
paragalactin, an insoluble carbohydrate. 

Pentosans have been found to vary with the variety, ranging 
from a trace to over 4 per cent. Borghesani (1907) found 3.86 
per cent. while Street and Bailey (1915) found 4.94 per cent. 
Some varieties of soybeans have been found to contain small 
amounts of raffinose, the Hollybrook (Midwest) containing 1.13 
per cent. according to Street and Bailey (1915). Bowers (1919) 
found 0.37 of 1 per cent. in a sample of commercial soybean 
meal. 

Enzymes.—The presence of various enzymes in the soybean 
has been reported and studied by several investigators. Takeu- 
chi (1909) made a special study of urease which acts specifically 
upon urea, liberating ammonia. Practical analytical use of 
it has been made in the form of standardized urease. Kennaway 
(1920) describes in detail a method, designed particularly for the 
estimation of urea in blood serum by soybean urease. 

Wester (1916) from results of study concludes that the ureoly- 
tie action of soybeans is not due to bacterial action. Results 
of investigations by De Graaff and Van der Zande (1916) led 
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these authors to conclude that although bacteria may be present 
in soybeans, this is not invariably the case. Urobacillus pasteurii 
could not be isolated. The strong ureolytic action of the soy- 
bean cannot be attributed solely to bacteria, since sterile beans 
still possess a very strong urea-splitting power, and, therefore, 
a urease must be present. 

According to Onodera (1915) the urease of soybeans loses 
its activity on dialysis. The lost activity is restored by the 
addition of a small amount of fresh urease, indicating that the 
fresh urease contains a coenzym. ‘The inhibitory effects of heat, 
acid, and alkali are exerted upon the coenzym, but not upon 
the urease proper. In germination urease accumulates in the 
germs of soybeans in large proportion, but free coenzym is absent. 
Wester (1920) found that the action of urease on soybean extract 
changes considerably when kept at 37°. The urea number 
(z.e. the number of mer. of urea converted by the urease solution) 
was 126 on the first day, but after 7 days standing it had been 
reduced to 47 and after 14 days to 38.2 and had increased after 
21 days to 90, declining after 26 days to 85, and after 35 days to 
60.3. 

In a study of a number of varieties of soybeans, as to the 
urease activity, Dox (1920) reports that some difference exists, 
but that this difference appears to bear no relationship to the 
germinating power of the seed or the protein content of the latter. 
It was demonstrated that urease was present in seeds that were 
practically dead. In regard to the best temperature to secure 
greatest activity, above 50° and probably below 60° were 
reported. Wester (1919) determined the urease content of about 
48 varieties of soybeans and found all of the beans, whether old 
or fresh, possessed strong enzym action. Annett (1914) tested 
the urease activity of different varieties of soybeans and found 
urease present in all varieties. 

In the preservation of urease, Robinson and Oppenheim (1919) 
found that camphor in 0.25 per cent. suspension preserved the 
activity of the soybean urease for at least 45 days, a much longer 
period than that of toltiol or other preservatives. 

Stingl and Morawski (1886) report extended investigations 

with an amylolytic enzyme, diastase. When a small quantity 
of this diastase was used the starch was transformed into two- 
thirds sugar and one-third dextrin, whereas the enzyme of 
barley malt gives much less glucose and mueh more dextrin 
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when the quantity of malt is small. In 1880, a patent was taken 
for the use of the soybean in the manufacture of a yeast. Bert- 
rand and Riokind discovered a glucoside, vicianin, and an 
enzyme capable of effecting its hydrolysis. In studies on 
enzymes of the soybean, Street and Bailey (1915) found a pro- 
tease of the peptoclastic type, a peroxidase, and a lipase but 
negative results were obtained for sucrease and protease of the 
peptonizing type. No attempt was made by these investigators 
to examine the material for urease or to corroborate the presence 
of the glucoside-splitting enzyme but the presence of an active 
amylase was corroborated. The lipases of the castor bean and 
soybean were studied by Barton (1920) with respect to their 
ranges and amounts of activity in an aqueous solution and to 
their action on lard, olive oil, and ethyl butyrate. From the 
results it was concluded that both soybeans and castor beans 
contain the same lipase or lipases but in different quantity. 
The castor bean lipase was found to be more intense in its action 
than the soybean lipase, but both reacted within the same ranges 
of acidity. 

Fat.—According to Matthes and Dahle (1911) soybean fat or 
oil contains 15 per cent. of palmitic acid and 80 per cent. of liquid 
acids. The latter are stated to consist of about 70 per cent. of 
oleic acid, about 24 per cent. of linolic acid and about 6 per cent. 
of linolenic acid. The unsaponifiable matter was found to 
contain about 55 per cent. of a crystalline portion consisting of 
2.4 per cent. of stigmasterol. Lewkowitsch (1904) states that 
this stigmasterol is undoubtedly identical with Klobb and Bloch’s 
(1907) soyasterol melting at 169°C. The unsaponifiable matter 
(45 per cent.) was found to consist of unsaturated oxygenated 
compounds. 

Meissl and Bécker (1883) in their studies found the oil to 
contain no free fatty acid and to consist almost entirely of neutral 
triglycerids. At a low temperature or on standing a long time 
the palmitin and stearin triglycerids were precipitated in erystal- 
line form. It was found that one gram of soybean fat required 
191.8 mg. of potassium hydroxide for saponification. They 
examined the fat extensively with reference to its iodin absorp- 
tion. The figures obtained for the iodin value of a large number 
of varieties range from 121 to 141. 

Lewkowitsch (1904) emphasizes the fact that soybean fat 
does not give the Halpen reaction which is so characteristic of 
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cottonseed oil. A small percentage of cottonseed oil in soybean 
oil can be detected by means of Halpen’s test, as has been 
frequently ascertained in the case of soybean oil adulterated with 
cottonseed oil where the market prices favored such adultera- 
tions. Settin] (1912) considers the following reaction as charac- 
teristic for soybean oil: When 5 c.c. are treated with 2 c¢.c. of 
chloroform and 8 c.c. of a 2 per cent. aqueous solution of uranium 
nitrate, the mixture yields, on shaking, an intensely lemon 
yellow-colored solution. 

For the direct identification of soybean oil, Newhall (1920) 
describes a modification of the one suggested by Settinj. The 
color test used by Newhall consists in mixing 5 ¢.c. of chloroform 
with 5 e.c. of the oil, a few drops of gum arabic solution and 5 
c.c. of a 2 per cent. solution of uranium nitrate or acetate. On 
shaking thoroughly, a characteristic lemon-yellow emulsion is 
formed with all samples of crude and refined imported soybean 
oil, but not with bleached and deodorized bean oil, hydrogenated 
oil, bean oil fatty acid, or with any other oils thus far tested. 
The test has been found of value in the detection of admixture 
of the cheaper bean oil with wood oil or linseed oil. In the former 
case it has been found possible by comparison with standards of 
varying amounts of pure wood oil and pure bean oil to detect as 
small an amount as 5 per cent. of the bean oil. It is pointed out 
that the test has been used only with imported oils and may be 
characteristic of only certain varieties of soybean. 

Thompson and Morgan (1912) have made rather an extensive 
study of the oil from different varieties of the soybeans. The oil 
was of a light amber color, showing little variation although the 
beans were of almost all shades of color from light yellow to 
black, indicating that little if any of the coloring matter of the 
skin was extracted by the solvent. The constants obtained 
from the different varieties showed little variation, although 
some of the varieties were of widely different types. The maxi- 
mum, minimum, and average of the more important constants 
for forty-eight varieties are shown in Table XLVI: 
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Taste XLVI.—Maximum, Minimum, anp AvERAGE OF THE More Impor- 
TANT CONSTANTS OF SOYBEAN Or FROM 48 VARIETIES, COMPARED 
with THOSE or OTHER WELLKNOWN OILS 


———_— 


Specific gravity Saponification 
(15°) 


Todine value 
value 


WME hhh obino dkaaco ac 0.9235 195.40 138.96 


IMGHSHOROHEY, Qe aoe bole ues 0.9108 174.08 114.01 
AVePagels. a. ocsleoe Hee NG 0.9193 187 .27 129.72 
THNSCCC pene eee mera 0.9316 192 .00 180.00 
Cottonseediy ass at ee 0.9230 192.00 108.00 
COE Meche va eee 0.9274 191.90 125.90 


The constants obtained by Holland (1908) are compared in 
the following table with those of other observers. It will be 
noted that although different methods were used in the extrac- 
tion of the oil and the beans were probably grown under widely 
different climatic conditions, the agreement for the different 
constants is quite close. 


Taste XLVII.—Comparison or THE More Important CONSTANTS OF 
SoyBEAN O1L BY DiIrFERENT OBSERVERS 


Observer 25 ie pope Gepost agra Iodine value 
Holland aateetatoe, Cee ee 0.9206 191.95 130).77 
Morgan ® eae othe a ae 0.9193 187 .27 129.72 
Morawski and Stingl...... 0.9270 | 192 .90 122.20 
De Negri and Fabrus..... 0.9242 192.50 t21e30 
fol bU oN, adinin Gn 4.0 mete me 0.9240 . 190.60 124.00 


Further determinations were made by Thompson and Morgan 
(1912) using a composite made by mixing equal quantities 
of each of the 48 samples of oil representing different varieties. 
The following table gives the results of these determinations. 


Taste XLVIII.—Constants ror SOYBEAN OIL 


Specific gravity, at LGcC eae ler eaeae nee eee 0.9212 
Saponification) valent. eee eee ee 188.65 
Acid value ay sok aca ee cone eee 0.28 
Rerehert=Meissl valuewirs a. cues een eee Dee 
Hiehner Viale... Casco a slee de os cere te ee 93 . 50 
Neutralization? yalucim.ac sae ace Geen eee eee 177.82 
fodinervaluexot "oiler eee 127.78 
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Taste XLVIII.—Constants ror Soypran O1n.—(Continued) 


Wnsaturated fatty acidas. i..t..c02. osteo est were ede 84.70 
DauEated AatuysaAClOs Ayo. ant oe ado ca hn & 8.61 
Pe Ub erent by ehaerent ye rege = ck tan oS cnet nee Bemaece 188.37 
GINCEND sce ey fees et Payee Gath cia ae cs eh ee 10.29 
Mean molecular weight: 9.0.2 4. .vccc5sh anesthe 315.5 


An investigation was made by White (1919) concerning the 
possibilities of increasing the unsaturation of vegetable oils, 
particularly soybean oil, by altering conditions of growth in 
the plant and by the action of bacteria, enzyms, light, heat, etc. 
on the oil itself. It was found that the processes of germination 
and growth of soybeans under different conditions did not alter 
the amount of unsaturated acids in the ether extracts of such 
plants. Bacteria isolated from the “foots” of raw linseed oil 
and enzym extracts from flaxseed and from fresh pig’s liver did 
not increase the unsaturation of soybean oil. Heat, light, and 
certain catalyzers were almost without effect upon unsaturation. 
Hydrolysis occurred in most cases, the extent depending upon 
the presence of moisture in the sample of oil. 

Ash.—In view of the importance that is attached to the mineral 
content of foods several investigators have conducted studies on 
the ash of the soybean. The ash of the soybean is especially 
rich in phosphoric acid and potassium as shown in the following 
table from analyses made by Pellet (1880). 


TasBLE XLIX.—ComposirTion oF THE ASH OF THE SOYBEAN SEED. AFTER 


PELLET 

Sample 1, Sample 2, Sample 3, 

per cent. per cent. per cent. 
Potassium (K?O)......... 45.02 45.27 45.02 
Phosphoric acid (P2O0°).... 29.13 31.92 31.68 
lburGe (COP 0) Sree ire 8.92 6.50 4.48 
VIA SCSI he ceils os 8.19 6.48 8.47 
Carbonic acid (CO?)...... 1.70 1.20 1.00 
Sulphuric acid (SO%)...... Lor 4.80 2.74 
Ginloring (OU aie cen nes we 0-75 0.75 0.75 
Insoluble... scseer se en 1.10 1.10 1.20 
Trace—NaO, FeO:....... 1.59 2.15 4.83 
STIRS: 24 Re cone 100.17 100.17 100.17 
Deducing O? for Cl....... 0.17 0.17 0.17 
Ho tell eet deters cee ivcodetoe 100.00 100.00 100.00 
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A series of experiments were carried on by Osborn and Mendel 
(1917b) to determine the mineral content of the soybean seed 
as related to the growth of young rats. As with other seeds, the 
soybean was found deficient in the minerals, especially calcium. 
Data on the mineral content of the soybean in comparison with 
the seed of three legumes generally used for food, cited by Bowers 
(1919) is given in the following table: 


TasBLE L.—MInERAL CONTENT OF THE SOYBEAN SEED COMPARED WITH 
Tuosrt or Cowpra, Navy BEAN AND Peanut. AFTER BOWERS 


- i : - i ri 
sorumes | Petts [Sodium | catsium, | Maes | Satur | lene | Phosphoric 
per cent. cent. per cent. per cent. cent. per cent. 
Soybean......} 2.095 0.380 0.230 0.244 0.444 0.025 0.649 
Navy bean...} 1.390 0.086 0.2385 0.206 0.224 0.047 0.429 
Cowpea...... 1.636 0.189 0.117 0.243 0.280 0.047 0.532 
Peanut-ii 2. 0.061 0.563 0.068 0.180 0.254 0.024 0.399 


It will be noted in the above table that the soybean is second 
in calcium, and in phosphorus is by far richer than the others. 

Vitamines.—In investigations of the nutritive value of the 
soybean Daniels and Nichols (1917) studied in a qualitative way 
the vitamine content. They found that a diet containing 60 
per cent. of soybeans, the only source of the vitamines, made 
possible the production and rearing through the suckling periods 
two successive litters of young rats. It was also found that rats 
grew normally on a diet containing 50 per cent. of soybeans, 
and that the females produced young at an early age. 

Other experiments with rats with a view of determining the 
vitamine value of the soybean were carried on by Osborne and 
Mendel (1917b). A diet of either soybean cake flour or cooked 
soybean flour, with an added salt mixture of the proper kinds and 
amounts of different salts, pure starch, butterfat and lard was 
used. The rats were found to complete their normal growth in 
the normal length of time. The results indicate that the soy- 
bean has a sufficient amount of water soluble vitamine for the 
promotion of proper growth. The rats grew normally for over 200 
days without showing symptoms of nutritive decline, when lard 
entirely replaced the butterfat. This is much longer than the 
majority of rats, undergoing experiments for vitamine determina- 
tion, have grown on a diet without the addition of fat soluble 
vitamine from some special source like butterfat. This would 
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seem to indicate that there is in the soybean sufficient of the fat 
soluble vitamine to promote proper growth. No eye soreness 
common to rats on a diet lacking sufficient of the fat soluble 
vitamines was noted. Much better growth was made by rats that 
had the soybean meal, which did not have the fat extracted than 
those that had the extracted meal. With the possible exception 
of flax and millet, the soybean so far as known at the present 
time is the only seed containing sufficient amounts of both the 
water soluble and the fat soluble vitamines for the promotion of 
proper growth. 

The Factors Affecting the Oil Content of the Seed.—The 
percentage of oil in the seeds of soybeans is very unlike in differ- 
ent varieties, and to less degree in the same variety grown in 
different places. Extensive studies have been made to determine 
just what factors cause the differences in oil content. 

Relation of Oil Content to Stage of Development.—Garner 
et al (1914) in a series of experiments studied the oil content 
of soybean seeds as affected by the maturity of the plant. Except 
for the period immediately following blooming and that directly 
preceding final maturity, there is a fairly uniform increase in oil 
content, both relative and absolute, throughout the develop- 
ment of the seed, and no evidence was found that there is a 
critical period of very intense oil formation at any stage of 
seed development. ‘The oil content of the seeds of the Yokotenn 
variety gathered at various stages of maturity is shown in the 
following table: 


Taste LI.—Om Content oF SOYBEANS GATHERED AT VARIOUS STAGES OF 


MaArTruRITY 

: ss. | O13 5 ha pea Aois- | Oili ns 
Dat Weight faa ete Oil in Data Weight | Mia cial Oil in 
Hg ed ig beans, | beans, : pied har- a ae | beans, | beans, Io 
e F *aD8, ; 

bn gs gm. ont eek sm. Sai gm. ent Gane. em. 
Aug. 13 3.53 7.50 2.95 0.104|| Sept. 11} 356.8 6.60 | 18.05 64.4 
Aug. 20 39.3 5.50 | 10.65 4.19 || Sept. 16 | 447.0 7.55 | 18.02 80.5 
Aug. 23 96.24 5.80 | 18.40 | 12.9 Sept. 21 | 472.3 5.95 | 18.60 87.8 
Aug. 28 | 146.2 6.10 | 15.94 | 23.3 Sept. 25 | 498.7 7.44 | 18.37 91.6 
Sept. 3| 263.7 5.40 | 16.70 | 44.0 Sept. 30 | 487.0 6.35 | 18.85 90.8 
Sept. 6] 282.0 6.55 | 17.00 | 47.9 Oct. 7| 479.3 UBB") 1727, 85.2 


Relation of Oil Content to Carbohydrate Formation.—As a con- 
sequence of the physiological relationship of oil to carbohydrates, 
it appears that maximum oil production in the plant requires 
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conditions of nutrition favorable to the accumulation of car- 
bohydrate during the vegetative period and to the transformation 
of carbohydrate into oil during the reproductive period. As 
a phase of this relationship between carbohydrate supply and 


Taste LII.—Oim Content or SoyBEANS AS AFFECTED BY PARTIAL 


DEFOLIATION 
Aver- Aver- 
6 wont | “ace. | siéfa | Weight| Mois- | Oil in | oj) 5, 
. ate of 5 of ture in} moist 
Variety and treatment blooms of height of 1,000") beanalll Beads 1,000 
. stalk of beans = ’| beans, 
ing and plant, per cane: per per gm. 
noose i plant, gm. cent. cent. 
gm. gm. 
Peking: 
Controlity =<. 5 BEER be July 30} 33.7 22.2 || 56.6 89.8 7.45 | 16.75) 15.0 
No. of leaves reduced 
to about 40 per 
cent. of normal on 
June 29, July 16, 
22, 30 and Aug. 14.) July 30} 20.7 19.1 | 34.1 85.4 6.65 | 17.52) 15.0 
No. of leaves reduced 
to about 50 per 
cent. of normal at 
same periods as 
BDOVES san cert nae th July 30) 24.0 20.4 | 42.2 85.6 7.40 | 17.80} 15.2 
Controlee ate eee July 30| 36.8 25E2 ole 2 87.1 6.60 | 17.20] 15.0 
No. of leaves reduced 
to about 40 per 
cent of normal on 
Aug. land 15..... July 30| 24.1 2155 ||) 1307 81.8 6.75 |/17.85] 14.6 
Ogemaw: 
Controle ese: July 8 9.7 11.1 } 24.5 | 209.0 8.65 | 16.21) 33.9 
No. of leaves reduced 
to about 40 per 
cent. of normal on 
July 15 and 30..... July 8 bas 9.7 | Lil6-) 168.5 8.55 | 16,32) 27.5 
S.P.I. No. 30599: 
Controlime taveetent July 8 24.5 27.0 | 61.1 | 179.4 6.20 | 19.95) 35.8 
No. of leaves reduced 
to about 40 per 
cent. of normal on 
July 15 and 30..... July 8 16.5 21.5.) 55.2 | 167.8 6.25 | 20.93) 35.1 
S.P.I. No. 30745: 
Gontrolsadea. onc July 8| 24.5 24.1 | 58.6 | 192.6 7.95 | 19.80} 38.1 
No. of leaves reduced 
to about 40 per 
cent. of normal on 
July 15 and 22..... July 8 16.7 19.2 | 32.1 | 180.0 6.05 | 20.35] 36.6 
Manchu: 
Controlinau ascent uk July 8 Q7ee 24.4 | 59.4 | 190.3 6.70 | 20.93] 39.8 
No. of leaves reduced 
to about 30 per 
cent. of normal on 
July 15 and 75 per 
cent, Aug. 12...... July 8 18.5 19.9 | 33.8 | 160.4 6.40 | 21.30] 34.2 
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oil formation in soybeans, it was found that when the normal 
distribution of the vegetative and reproductive plant parts was 
modified by partial defoliation (50 to 60 per cent.) the yield 
of beans was decidedly reduced, but the size of the beans and 
the oil content were only slightly affected, except in the case 
of an early maturing variety (Manchu). 

Table LII shows results obtained in oil content of soybeans 
as affected by partial defoliation. 

Relation of Oil Content to Number of Pods per Cluster.—On’ 
the other hand, the removal of a portion of the blossoms or young 
pods caused a marked increase in the size of the beans allowed 
to develop, but did not materially affect the percentage of oil 
content. The following table shows the oil content as affected 
by partial removal of very young seed pods: 


TasiE LITI.—Om Content or SoyBeEANns AS AFFECTED BY PARTIAL 
REMOVAL OF VERY YOUNG SEED Pops 


Aver- Aver- 
age Aver- age | Weight Mois- | Oil in 


weight age yield Oil in 
Variety and Bed ak eh heute | oh 2) Bae | pee) SOlkE iy ane 
treatment “ stalk of beans be Geel bs aa beans, 
& and plant, per Sei Lew ey gm. 
root, in. plant, em, 2 : 
gm. gm. 
Peking: 
Controle. vc ccs> July 30 36.3 25.7 50.2 84.1 "6.45 | 17.15 14.4 
Large no. of pods 
removed Aug. t 
Ge anata euly oO) 49.7 27.2 55.0 |. 103.1 6.65 | 17.69 18.2 
Ogemaw: 
Control......+...--| July 8 9.7 mee 24.5 | 209.0 8.65 | 16.21 33.9 


Larger portion of 
ods removed 
July 15 and 22..| July 8 9.0 10.8 9.8 | 204.6 8.00 | 15.83 32.4 
S.P.1. No. 30599: 
Control........-.) duy 8 24.5 27.0 61.1 | 179.4 6.20 | 19.95 35.8 
Larger portion of 
pods removed 

on July 15 and 


Ae ea Ae ake July 8 36.2 21.5 52.6 | 202.2 6.40 | 20.02 40.4 
§.P.I. No. 30745: ‘ 
COOMEIOL. ctw. coe ae July 8 24.5 24.1 58.6 | 192.6 7.95 | 19.80 38.1 


Larger portion of 
pods removed 
July 15 and 20 
and Aug. 19...) July 8 38.7 24,2 39.1 | 227.8 6.35 | 19.15 43.7 

Manchu: 

Controle7..........| duly. 

More than 3g of 
pods removed 

-on July 15 and 
20 and Aug. 12.| July 8 42.1 23.3 25.7 | 244.4 6.50 | 19.95 48.8 


27.2 24.4 59.4 | 190.3 6.70 | 20.93 39.8 


2) 
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Relation of Oil Content to Size of Seeds.—There is always lack 
of uniformity in the size of the seed from an individual plant; 
but it was found that there was no correlation between the size 
of the seed and the percentage content of oil as shown in the 
following table: 


Taste LIV.—Omw Content or SovBEANS OF LARGE AND SMALL Size SEED 
FROM THE SAME PLANT 


: Weight | Moisture Oi in 
. . Size of of 1,000 > moist 
Variety and locality beans beans por Pee ——s ¥. 
Ogemaw: 
Pullmans) Washi. seems eee ee Large 171 5.60 13.88 
alingamen Waster ener erect Small 106 5.25 14.17 
Amherst; = VMiassi.2 sean ee sem arse 290 6.30 16.92 
Amberst. Masse. saeeen eerie) oral 169 6.60 16.63 
Wooster gOhiog ey. sort aces Large | 259 6.40 16.30 
Wooster4Ohiomern aaa Small 137 6.40 15.95 
Hansen: 
Ie wlina NW RNAS yb oro omce hou Large 46 6.10 11.72 
(Bullman-y Wiashse eres anes Small 25 5.85 12.27 
DtavesvallewIN Clear errreoe ie Large 64 7.35 13.27 
StatesvillesNe Ct ercnseee aesncele Small 37 6.80 13.50 
hap Vayette, wind... -fahascw eee Large 86 6.75 a Np 
WapBayvette;e LIC seth ats neem ser Small 53 6.75 11.15 
Buckshot: 
Kanga tone (ites le eraerae tered tere Large 364 6.30 17.45 
anges tony Ravine ees fener Small 196 6.65 17.00 
Amberst; WMassc.neacye sets nee Large 389 6.05 1787 
Amherst, Mags.................} Small 215 6.40 16.95 


Relation of Oil Content to Length of Life Period—In another 
chapter it has been shown that varieties of soybeans show a 
marked tendency to shorten the time required for reaching 
maturity when planted late in the season but no correlation 
was found between the date of planting and the size of the seed 
or their oil content. These properties appeared to be influenced 
more by the character than by the length of the growing period. 
The oil content in several varieties of soybeans planted at stated 


intervals during the spring and summer months is shown. in 
Table LV: 


TasLeE LV.—Orm Content or Soyspnans PLANTED aT INTERVALS OF Two 
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Number Number Number Waste 
of days of days of days Weight oe Oilin | Oil in 
Variety and date from from from of 1,000 bec 1 | beans, | 1,000 
of planting planting | blooming | planting | beans, Gash per beans, 
to to full to full gm. Ben cent. gm. 
blooming | maturity | maturity cent. 
Ogemaw 
May 8 so s5 vs 40 62 102 186 6.90 | 17.25 32.4 
May O25 :t. caer ss 35 58 93 153 7.05 | 16.38 25.1 
ANG kes 2 Gis ask o's 37 50 87 166 6.90 | 17.40 28.9 
POS 53.s chore, ois 32 54 86 145 Ce LO NAC ee 25.0 
SG A ecede oie 27 58 85 168 7.60 | 15.51 26.1 
Haberlandt 
IWR So Ih tortie cats 61 83 144 210 6.65 | 19.73 41.4 
TB gel Oo ny Seem ones 54 76 130 211 6.70 | 19.47 41.1 
PUNO oN ce os 50 74 124 217 6.35 | 20.32 44.1 
VON LG act cays 45 74 119 240 6.80 | 18.95 45.5 
Ut © Dares chicas 44 72 116 244 7.20 | 17.35 42.3 
Buckshot: ; 
IMage os cies 3 3 40 72 112 271 6.40 | 19.15 51.9 
May ibin «ccs. 40 69 109 272 6.40 | 19.62 53.4 
wane Des es< cs 39 68 107 277 6.20 |.19.35 53.6 
URE) LO wnat 39 58 97 250 6.10 | 18.95 47.4 
DULY) Les oer ere 33 64 97 294 6.40 | 18.43 54.2 
Midwest: 
Misr De cio ete a 56 102 158 329 6.45 | 17.60 57.9 
Mar 16. cacs i> 49 94 143 313 6.25 | 18.25 57.1 
PONE Bo sakes: = 50 77 127 312 670}: IT. FS 55.4 
AL ee 45 73 118 305 5.80 | 17.38 53.0 
es eee. 41 66 107 334 6.30 16.43 54.9 
1 | 


Relation of Oil Content to Variety—It is shown in Table LVI 
that different varieties of soybeans grown under the same 
conditions showed marked differences in oil content and very 
great differences in size of seed. 
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TasBLE LVI.—VaRIETAL DIFFERENCES IN THE O1L CONTENT OF SOYBEANS 
Grown AT ARLINGTON ExPERIMENT Farm, V4., In 1907, 1908 ann 1910 


Weight Woiatare Oil in Oil in 
. él of 1,000 ae moist 1,000 
Variety and year grown beans, sot ped sean, beans, 
Shanghai (S.P.I. #14952): 
LOO Tes Gath ic ye en nC 215.4 6.65 19.55 42.1 
LOOS Sa Re tere ae ae ahee eee 186.1 6.16 18.37 34.2 
AO LO Rarer ein ee Daler il 6.80 20.20 43.8 
AVELAZG weenie an nacre NcOORs 6.54 19.37 40.0 
Amherst (8.P.1. #17275): 
LOO (ere een ee ee oot 193.6 6.65 20.15 39.1 
LOO Sea ea eieon serena eke ee 179.3 5.50 19.50 34.9 
OVO Pos one Seen ere ae 176.0 6.05 20233 red, 
IA VELAGeN atthe ae tetas: ol LOO 6.07 20.00 36.6 
Yokotenn (S.P.I. #19981): 
S07 eee: Meo ae re 335.8 6.60 20.67 69.6 
TOO Sieh. eee, evra tc ct ey eee 311.4 4.85 20.20 62.8 
LOL Ore ork erut ors cia are ee 331.9 6.45 21.86 72.8 
IA Vierag 0.7 eee ecn Rs hh hor ek 326.0 5.97 20.91 68.4 


Relation of Oil Content to Geographical Location.—In tests with 
several varieties of soybeans grown under a wide range of condi- 
tions there were found differences of more than 100 per cent. in 
the size of the beans and very large differences in oil content. 
It is evident, as shown in Table LVII that environment 
may affect tremendously the size of the seed and the quai of 
oil stored therein. 
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Taste LVII.—Or Content or Soyseans GRowN UNDER DIFFERENT 
ENVIRONMENTAL CONDITIONS : 


Weight Moisture Oil in Oil in 
: of 1,000 | in kernels,| kernels, 1,000 
Variety and locality beans, per cent. | per cent, beans, 
em. gm. 

Hansen, (S.P.I. #20409): 
Wooster Obio2 22. Siceogs cess SAO a! 5.15 11.90 6.0 
muatesviller Ne G.c koees nes oa haw 5.10 12.95 6.6 
iPallman'ss Wash Oy. 6. es 3 a2 39.4 5.95 12).25 4.8 
ae eBay CUbe eM ace cote oe aa = ViPtelh 5.15 11.05 8.0 
PATENTS MALS tes oi. hie crete ae ave Ys 50.9 6.40 12.38 (ae 
HSMPSLODE hue Va. oc ies < - 64.5 6.05 12.00 (eats 

Buckshot (S.P.1. #17251): 
Wooster, Obio @e sk 24.6 s. Pgh 251 2 5.85 16.40 41.2 
Pullen WWaASH tous wc ca ek ws 156.3 5.80 14.55 22.7 
Mavhayeite, sid. ... 2-2-8 acu: Bod. 6 6.10 13.25 44.3 
PANTOUTH eA Sai sek tact or dtecs. ls © eres os 250.4 Dato 20.60 51.6 
ISG EDS aise bia ie 347.5 5.70 18.00 62.6 

Guelph (S.P.I. #17261): 

Wonsters Ohiggct a4 e522 one 164.0 5.82 16.20 26.6 
Statesville, No C..<2......00... | 269.0 6.12 20.05 53.9 
Dahavette, diac acer stan sh) L909 5.32 18.40 35.1 
PRUDENT BOA eee, 77 oe erie eadek li LOS A: 5.90 20.90 38.1 
ang stom. Fue Lerwe ces os 5 cca se. 196.1 5.00 17.65 34.6 

Ogemaw (S.P.I. #17258): 
WiGnsteraG hig (bt. al A. Roet 207.4 5.70 16.45 34.1 
Sbaresvlle: INO. ad sme ok ae 198.5 5.15 17.05 33.0 
rutin Widsbsset iso oa). a. nel 137.8 5.50 14.40 19.8 
a beyettes, INO cnr tte. nl 9249.6 6.00 13.70 34.3 
PNT Ate vee evs uf ee cka,rern | , 2Oa.8 5.80 19.25 44.9 
ISIN AHOR Mae We Se ose oa os ae 235.6 6.05 17.00 | 40.0 


Similar results were obtained in a series of variety experiments 
by the Office of Forage Crops Investigations, U. 8. Dept. of 
Agric. as to the effect on oil and protein contents of the same 
variety grown under a wide range of environmental conditions. 
Table LVIII shows the results obtained with four varieties 
obtained from Manchuria, comparing the oil and protein content 
of the original seed with that produced by the same varieties at 
various experiment stations in the United States. 

Extensive tests by Garner ef al (1914) with soybeans were 
carried out on different soil types under controlled conditions, 
using for the purpose large earthen pots set into the ground. The 
various tests were conducted under a wide range of soil types and 
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climatic conditions. The results as a whole emphasize the fact 
that the relative effects of different soil types are not specific and 
constant, but depend largely on seasonal conditions. From the 
data obtained it was concluded that under practical conditions 
climate is a more potent factor than soil type in controlling the 
size of the seed and its oil content, probably because those condi- 
tions of the atmosphere which constitute the climate largely con- 
trol the corresponding conditions of the soil. Within ordinary 
limits the quality of the soil appears to be a minor factor in 
influencing the size of the seed and its oil content. 

Relation of Oil Content to Fertilizers—In pot-culture tests with 
soybeans, Garner et al (1914) found that the addition of phos- 
phorus increased the oil content but that potassium was without 
decided effect. 

Fellers (1918) at the New Jersey Experiment Station found 
that the oil content of soybeans decreases in direct proportion 
to the largeness of applications of lime applied to the soil. The 
average decrease in oil content due to liming was 2.8 per cent. 
The oil content of the seed was materially increased with small 
applications of acid phosphate, especially when the soils were 
well limed, from 1,000 to 2,000 pounds of lime appearing to be as 
beneficial as larger applications. A slight decrease in the percent- 
age of oil followed the use of potash. Nitrate of soda caused a 
decrease in the oil content of soybean seed. Manganese sulfate 
had little, if any effect upon the oil content of the seed. It 
happens that the oil content of soybeans is decreased by moderate 
applications of sulfur, but is increased by large applications. 
Large applications (600 lb.) of land plaster caused an increase in 
oil content. The results on the plots where zine sulfate and 
ferric sulfate were used, although not conclusive, seemed to indi- 
cate a slight decrease in the oil content. 

Relation of Oil Content to Nodule Formation.—At the Wisconsin 
Experiment Station, Woll and Olson (1907) found that the inocu- 
lation of the Wisconsin Black variety was followed by a de- 
crease in oil content of the beans. Fellers (1918a) at the New 
Jersey Experiment Station conducted a series of tests on the 
effect of inoculation on the oil content of the seed. The results 
showed that inoculating the seed before sowing, or the soil in 
which the seed was planted, with pure or commercial cultures of 
Bacillus radicicola or well-infected soil, decreased the oil content 
in direct proportion to the completeness of infection. The 
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average decrease in oil was 3 per cent. No differences in the 
drying power of the oil extracted from the seeds of inoculated and 
uninoculated plants was observed. 

Effect of Altitude on Oil Content.—In South Africa, the per- 
centage of oil was found to vary with the altitude. At an altitude 
of 3,354 ft., the percentage of oil was 20.65; at 500 ft., 21.36; 
and at 49 ft., 22.19. 


CHAPTER VIII 
UTILIZATION OF THE SOYBEAN 


In the Orient the soybean is grown primarily for the seed. 
This is largely used for human food and for the manufacture of 
numerous food products. Much however is crushed for the oil 
in which case the resulting cake is utilized as feed and as fertilizer. 

In the United States the soybean has been employed many 
years as a forage crop and not infrequently as a green manure 
crop. The forage is preserved either as hay or ensilage, but 
pasturing to hogs and sheep is much employed. 

In recent years the culture of the plant for seed production has 
increased rapidly, and the use of the crop will probably develop 
to far-reaching proportions. The seeds contain about 20° per 
cent. of a valuable oil. The resulting cake is very rich in protein; 
valuable both as feed for live stock and for manufacturing meal 
and flour for human food. The unripe bean seeds form a deli- 
cious vegetable while the ripe seeds furnish a very satisfactory 
substitute for common beans, either boiled or baked. 

Diversity of Uses.—The following diagram (Fig. 36) shows the 


@ { Green manure. Hay. Breakfast foods. 
& ) Forage......... Ensilage. Diabetic foods. Bread. 
= | Pasture. Soiling. Lin e/a s sinalaesd akes. 

Py Human food...... Infant foods. Muffins 
Meal........... Stock feed. Macaroni. Biscuit 
Fertilizer. Crackers. 

= Glycerin. Milk, 
q Explosives. 
4 Enamels. 
2 Varnish. { Butter substitute. 
5 Food products..... Lard substitutes. 
my. Waterproof goods. |} Edible oils. 
3 | Oil Linoleum. Salad oils. 
o | Pete aaa eres Batata a 
B Soap stock........ { ih t soaps. 
Celluloid. ard soaps. 
Rubber substitute. 
Printing inks. Soy sauce. 
Lighting. Boiled beans. 
Lubricating. puhee beans. Fresh. 
— poups. : 
{ Dried beans....... Coffee substitute. Choese otra 
Roasted beans. 
Food products Vegetable milk... vt A gl 
gia ate Breakfast foods. | fresh milk. 
Green vegetables. | Confections. 
Green beans....... | Canned, Casein, 


| Salads. 


Fig. 36.—Diagram showing the various ways in which the plants and seeds of 
soybeans are utilized, 
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manifold uses to which the different products of the soybean are 
put. Few other plants are useful in so many ways. 

Soybeans as Green Manure.—‘Soils that have become reduced 
in productiveness through continuous cropping with small 
grains or other nitrogen-using crops may be restored by the use 
of leguminous crops such as the clovers, cowpeas, vetches, and 
the soybean. The value of a crop as a soil restorer depends upon 
the amount of available plant food which it adds to the soil and 
also upon the effect which the roots have upon the mechanical 
condition of the soil. Leguminous plants, through the aid of 
the root tubercle organisms, are able to add to the available 
nitrogen of the soil, and hence are extensively used in restoring 
those deficient in that element. : 

In general, it is hardly practicable to grow soybeans for a green 
manure crop alone. That is, the crop is too valuable to plow 
under for soil improvement except under certain conditions. 
However, the soybean may follow wheat or oats and make suffi- 
cient growth to add considerable organic matter to the soil. 
The land should not be allowed to be bare during the winter when 
the crop is plowed under. 

Connecticut Results.—The fertilizing value of a crop of soybeans 
compares very favorably with that of other legumes commonly 
grown for green manure. At the Connecticut (Storrs) Experi- 
ment Station, Woods (1890) made a comparative study of the 
fertilizing constituents contained in the crop and roots produced 
on an acre of soybeans, cowpeas, and red clover, as shown in 
the following table. 


Taste LIX.—FErriizina CoNnsTITUENTS OF SOYBEANS CONTAINED IN 
Crop AND Roots oN OnE AcRE. Connecticut (Storrs) EXPERIMENT 


STATION 
Nitrogen Potash Phosphoric acid 
G prccn 7 a " 
rops orage, In I n n 
tons. | crop, moot Tel eon roots) oe me roots, | Total, 

Os; ; * | etc., : a) eto. lb. 

Mo We a iia a |S 
Soybean...... 9.5 165 9 174 109 6 115 42 2 44 
Cowpea....... 8.0 67 23 90 60 15 75 LT 6 23 
Red clover....| 138.0 138 44 182 152 32 184 32 13 45 

| | 


Michigan Haxperiments.—Some rather extensive experiments 
were carried on by Smith (1905) at the Michigan Experiment 
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Station to compare soybeans and other legumes as manures. 
Taking the approximate yields of the legumes under test as a 
basis and adding to the fertilizing ingredients in the forage 
the amounts that would be found in the weight of roots going 
with that amount of forage, the amounts of nitrogen, phosphoric 
acid and potash that would be supplied to the soil by the crops 
of the several legumes, were the entire crop plowed under, are 
shown in the following table. 


TaBLeE LX.—YIELDs or Hay or Dirrerent LecumMes AND CONTENT OF 
FERTILIZING INGREDIENTS. MicaiGAN ExPmhRIMENT STATION 


Phos- 
Legume yb gah a phovie ce ges 
Ib 
Medium Green soybean........... 5,860 | 152.29 27.38 | 100.89 
Ogemaw soybean.................] 3,480 59.03 23.04 29.34 
EO WR PES tc fig Move 50 3,010 61.90 15.45 77.20 
WUC ITELIN'S.  Soee BNA oa ae en eee 3,000 77.10 18.58 63.12 
Clover, second crop...............| 2,000 51.47 12.05 | 36.18 
Clover, new seeding.............. 2,170 49.06 11.61 63.55 


A later experiment was conducted by the Michigan station 
in which soybeans and cowpeas were sown side by side to compare 
their values as green manure with that of buckwheat. The 
yields secured indicated a rather greater value to the soybeans 
as green manure than the analyses would suggest. 

Massachusetts Experiment.—According to results obtained 
by Goessmann (1896) at the Massachusetts Experiment Station 
the plowing under of the roots and stubble of soybeans and clover 
was found to be very advantageous to subsequent crops. How- 
ever, in a later report (1905) after further tests the results did 
not indicate a decided benefit following the introduction of the 
soybean as a crop, and the conclusion was reached that the 
residual fertilizer left behind by the soybean was comparatively 
unimportant. 

Kansas Data.—At the Kansas Experiment Station, Ten Eyck 
and Call (1909) report an increase of 14 bu. of corn to the 
acre where corn followed soybeans in alternate years as com- 
pared with corn continuously. At the Arkansas Experiment 
Station, Newman (1901) found that soybeans used as a green 
manure gave nearly as good results as cowpeas, as determined 


132 : THE SOYBEAN 


by subsequent crops of wheat, oats, cotton, and corn. With 
cotton the soybean vines produced a larger yield of cotton than 
cowpea vines, but the cowpea stubble gave a larger yield than 
the soybean stubble; with corn, cowpea stubble and soybean 
stubble yielded the same results, while soybean vines gave 
better results than the cowpea vines; with oats, the results 
were slightly in favor of the cowpeas. 

In the following table are shown the fertilizing constituents 
of the roots, stems, leaves, pods, and seed of the Medium Yellow 
(Midwest) variety cut at different stages of growth. 


TasLe LXI.—FERTILIZING CONSTITUENTS OF SOYBEANS Cut aT DIFFERENT 
Stages or GrowTH. ARLINGTON FARM, VIRGINIA 


Phos- 
Nitrogen, Potash, phoric Moisture, 
per cent. per cent. acid, per cent. 
per cent. 
Roots: 
Mulls bloommprn ia ena ee 1.40 0.60 | 07382 3.41 
Seed half grown............. 1.05 0.50 0.26 3.82 
Seed full grown.... ........ 0.96 0.47 0.22 3.58 
Scedrmatire=3 eae 0.64 0.22 0.11 3.91 
Stems: 
ff Ullsbloom pee eee 1.83 HOA 0.46 4.00 
Seed half grown.............| 1.80 0.89-0.92 0.41 3.79 
Seed full grown............. 1.08 1.25-1.08 0.26 4.35 
Heed: mature wees wera teen 1.01 0.58 0.22 4.27 
Leaves: 
HUG LOOTma sh ieee eee 3.59 1.28 0.56 5.40 
Seed half grown.........3.— 3.18 0.97 OS50M De 1G 
Seed full grown............. 2016 0.75 0.34 7.05 
Seed Malice ew een eee 
Pods: 
Seed half grown.............| 3.56 PAN, 0.87 4.62 
Seed tull’erowm see 1.29 1.90 0.26 5.62 
Deedamatires reise tee eee 125 1) PR 0.25 5.56 
Seed: 
Haltirrown iar eee en 5.95 1.80 1.28 3.90 
Maturerce sat ae eee 6.37 1.89 1.38 4.48 
Pull oro wae euserat eee eee 6.51 1.82 1.36 4.77 


Soybeans for Pasturage.—The soybean crop may often be 
used as pasturage, most profitably, perhaps, when fed to hogs 
to supplement the corn ration and to sheep (Fig. 37). This 
is especially desirable when harvesting is interfered with by 
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lack of labor, bad weather, or other causes, and when the crop 
is grown for soil improvement. In this way the crop is not only 
profitable in the feeding value, but also for the fertilizer value 
from the manure and refuse vines. Hogs greatly relish the 
bean plant, especially the ripening pods. A considerable part 
of the growth of young hogs may be made with soybean pasture. 
Animals ready for fattening may be finished for market much 
more rapidly if soybeans are used to supplement the corn ration. 


Fic. 37.—Pasturing a corn and soybean mixture with sheep. (Courtesy of Fouts 
Bros., Camden, Indiana.) 

Feeding Value, Alabama.—In experiments conducted by 
Gray and Shook (1912) at the Alabama Experiment Station, 
soybeans, peanuts, chufas, and sorghum were compared as 
pasturage for hogs. It was found that when corn alone was fed 
100 lb. of pork cost $7.63; when fed a two-thirds ration of corn 
and pastured in addition, 100 lb. of pork cost $8.89 on chufa 
pasture, $7.79 on sorghum pasture, $3.20 on peanut pasture 
and $2.74 on soybean pasture. The average gain of the pigs 
each day on the soybean pasture was 1.02 lb., on the peanut 
pasture 1.01 lb., on the chufa pasture 0.72 lb., and on the 
sorghum pasture 0.37 Ib. In this experiment the hogs were 
turned into the soybeans while the pods were very small so that 
for 2 weeks they ate only the leaves and young shoots. 

At the same station, Gray, et al. (1911). report 3 years’ 
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work in feeding 105 hogs to determine the value of soybean 
pasture as compared with other feeds, the most profitable amount 
of corn to be fed as a supplement and the effect of the soybean 
forage on the quality of the pork. It was found that when corn 
was used alone the average daily gain for each hog was 0.375 
Ib. at a cost of 7.61 cents. When a soybean pasture was 
grazed with a one-fourth, one-half, and three-fourths ration of 
corn the average daily gains were raised to 1.102, 1.006, and 
1.329 lb. respectively, and the cost of the pork reduced to 2.59, 
3.36, and 3.17 cents per pound respectively. One acre of 
soybean pasture afforded grazing for 10 hogs for 43 days when 
a one-fourth ration of corn was fed, 48 days on a one-half ration 
of corn, and 62 days on a three-fourths ration of corn. The total 
value of pork made on each acre of soybean pasture varied from 
$25.84 to $39.13. ; 

Feeding Value, Kentucky—At the Kentucky Experiment 
Station, Good and Smith (1916) conducted an experiment to 
determine the relative amounts of gain, as well as the economy 
of gains, made by pigs pasturing soybeans, with and without a 
supplementary ration of corn, and when pasturing cowpeas with 
a supplementary corn ration. The results of the experiment 
showed that it is not profitable to pasture mature soybeans 
‘without a supplementary feed, for only 110 lb. of pork were thus 
produced to the acre, which valued at $7.00 per hundred-weight, 
did not pay for the seed sown, cost of cultivation, and rent of 
land. It was found, however, highly profitable to hog down soy- 
beans if a supplementary feed, such as corn, is given, for the lot 
of hogs receiving 2 per cent. of its weight in corn meal daily, 
produced 825 lb. of pork to the acre at a cost of $4.54 per hundred 
pounds of gain. The net value of pork produced per acre was 
calculated at $20.32, which, with the value of fertilizer left on the 
ground, $17.68, would make a total of $38.00. The acre of soy- 
beans hogged off with a supplementary feed of corn produced 
feed for 10 hogs for 21 days and for 20 hogs for an additional 21 
days. The acre of soybeans with no corn fed the hogs produced 
feed for 10 hogs for 21 days and for 15 hogs for an additional 14 
days. It was not found to be profitable to hog down cowpeas, 
even though they were supplemented with corn meal equal to 2 
per cent. of the live weight of the hogs. 

Manurial Value, Arkansas.—An experiment was conducted by 
the Arkansas Experiment Station to determine the effect of the 
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legume crop grazed by hogs on the two succeeding cotton crops 
as compared with cotton following corn not grazed. The 
results showed that the two cotton crops aggregated 2,905 lb. 
of seed cotton, following peanuts grazed, 2,608 Ib. following 
soybeans grazed, and only 1,802 lb. following corn not grazed. 

Feeding Value, Ohio.—At the Ohio Experiment Station, 
Robison (1920) found that the rate of gain and the concen- 
trate requirement per unit of gain of pigs on soybean pasture 
varied with the amount of concentrates fed. Full fed pigs 
given a high protein supplement gained more rapidly and ate 
fewer pounds of concentrates for each pound of gain produced 
than others given only corn as a concentrate. In the case of 
limited feeding the use of tankage did not increase the rate of 
gain nor lower the concentrate requirement per unit of gain. 
Two lots of pigs fed corn alone and corn and tankage on soybean 
pasture gained more rapidly and required fewer pounds of con- 
centrates per unit of gain than either of two lots similar fed on 
sweet clover pasture. A small amount of tankage with corn 
proved beneficial for feeding pigs on sweet clover pasture, but 
was not needed by the pigs on soybean pasture. 

Feeding Value, North Carolina.—Gray (1917), at the North 
Carolina Station, found that one lot of pigs on soybean pasture 
with no supplementary feed gained twice as rapidly for three 
months as another lot fed corn and shorts (2:1) in dry lot. In 
this test the soybeans produced 200 lb. of pork to the acre. At 
the central station 2.6 acres of soybeans with an average yield 
of 15 bu. to the acre furnished grazing without supplementary 
feed for 8 dry sows for 49 days during the fall after permanent 
Bermuda pastures were worthless, and the sows gained an aver- 
age of 17 lb. each. Gray (1916) also conducted experiments to 
determine the relative values of peanuts and soybeans as grazing 
crops for pigs. With a half ration of corn, the soybeans afforded 
feed for 9 pigs for 61 days, but an equivalent area of peanuts 
afforded grazing only 36 days. The soybean fed hogs gained an 
average of 0.98 lb. per head daily at a cost of 5.2 cents per pound 
of gain. The peanut-fed hogs gained 1.36 lb. per head daily at a 
cost of 5.41 cents per pound of gain. Deducting the cost of 
grain the soybeans produced $18.80 and the peanuts $16.61 
worth of pork per acre. 

New Jersey Experiment.—At the New Jersey Experiment 
Station, Lewis and Clark (1913) found that soybeans would 
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produce a continuous supply of succulent green feed for chickens 
from August 15 until November, and that owing to their luxu- 
riant growth they produced a liberal amount of shade for the 
birds. The soybean pods were not eaten. 

Effects on the Fat of Swine-—Extensive investigations have 
been carried on by Gray (1916-1917) in North Carolina as to 
just what effect peanut pasturage, soybean pasturage and other 
feeds have upon the bodies of swine. Hogs that have been fed 
on peanuts and soybeans are discriminated against on the market, 
usually 1 to 2 cents a pound. In this work it was found 
that the melting point of lard from the kidney fat of hogs fattened 
on corn alone is approximately 43°C. A lot of hogs were grazed 
on soybean pasture supplemented with a partial ration of corn 
for 61 days, and the melting point of the leaf lard of two of the 
pigs averaged 37°C. The remaining pigs were finished for 
41 days on corn alone, and the average melting point of the lard 
of these pigs was 39.8°C. The leaf fat of a few pigs fed in dry lot 
on corn and tankage (9:1) for 68 days had a melting point of 
43.3°, while in some of the pigs fed this ration supplemented with 
soybean pasture for 60 days it was 33.3°C. The pigs remaining 
in the soybean lot were finished in dry lots for 21 days, 
when the lards taken from those finished on corn and tankage 
had a melting point of 35.6°C. and from those finished on corn 
and cottonseed meal, 38.5°C. The results of more recent work 
indicate that soft-bodied hogs can be brought back to normal 
in from 382 to 49 days when corn is fed in conjunction with cotton- 
seed meal. So far, nothing else has been found equal, or even 
comparable, to cottonseed meal for hardening soft hogs. 

Soybeans for Soiling—The soybean has an important place 
among soiling crops. Having a high content of protein, the 
crop may be fed to good advantage with less nitrogenous crops 
such as corn, sorghum, and millet. The great variation in the 
dates of maturity of the numerous varieties or resulting from the 
planting of the same variety at different dates, makes it possible 
to have a succession of green forage throughout the summer and 
fall. When the crop has become well established, it grows well 
during drought and often succeeds where other crops fail. The 
palatability at different stages of development and ease of han- 
dling the crop also render the soybean a very valuable soiling crop. 

Experimental Results ——At the Massachusetts Experiment 
Station, Goessmann (1891a) in a series of soiling experiments 
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with milch cows obtained results generally favorable both as 
regards yield and composition of milk from the summer feeding 
of green crops, particularly soybeans fed with brewers’ grains. 

At the Iowa Experiment Station Wilson, (1894) conducted a 
soiling experiment with milch cows. The following table gives 
data concerning the experiments and the results obtained. The 
results in general indicated the importance of feeding plants 
richer in protein than corn. The butter obtained by feeding 
soybean forage was of superior flavor and quality. 


Tasie LXII.—Dara anp Resutts or Soininc EXPERIMENTS witH Mincu 
Cows. Iowa ExpERIMENT STATION 


Soiling crop 
Peas and Red Sweet Soy 
oats clover corn beans 
| 
Pounds fed daily to each cow...... 90 65 85 65 
Pounds digestible protein daily...... 2.90 2) OER eS0 reel 
Crude protein, per cent........... 20.71 | 15.85 11.63 18.19 
Milk; pounds daily: . 2.2.2.2... 160 55 134 |} 130 
am Ghy COME comm toipden cries ce.0.4 Sears Cia 2.78 2.96 2.64 3.08 
Fat, pounds daily................ | 4.42 4.59 3.52 3.99 
Flavor (perfect equal 45) .......... 43 43 45 | 45 


Soiling experiments were conducted with different forage 
crops at the Pennsylvania Experiment Station by Mairs (1911) 
for several years. In 1903 soybean forage was cut daily, except 
Saturday when sufficient was cut for 2 days. Five cows 
were fed 7 days at an average of 59 lb. per cow per day, 
showing that 1 acre would have supplied 2 cows for 12.5 
days. The following table gives the dates of planting, periods 


Taste LXIIIl.—Soyrpean Somina Exprriment with Miicu Cows. 
PENNSYLVANIA EXPERIMENT STATION 


1902 | ~=«1808 1904 1905 

Date of sowing ..-<o7. . «<7 | May 12 | May 11 eas May 22 
Period of harvesting ......... July 2 to | Aug. 8 to mer | ouly 29 to 

Aug. 4 Aug. 19 Aug. 7 
Pounds fed daily per cow.... 58 59 Sige 40 
Pounds green forage per acre . 9,934 | 13,521 Eee 15,604 
Pounds air dry forage per acre 2,016 2,995 2,505 3,238 
Pounds protein per acre..... 270 355 317 427 


Sn nn aaa Etta Ung EINE SEINISISI ERE NSSSSER RE EERE 
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of harvesting, the amount fed daily, and yields to the acre of 
soybean forage. 

Soybeans for Ensilage.—The use of soybeans alone for ensilage 
is not to be recommended as shown by the results obtained by 
various experiment stations. Woll and Humphrey (1904) 
at the Wisconsin Experiment Station found that when soybean 
silage was used alone it was not readily eaten by the stock, the 
refuse amounting to about 10 per cent. Further, the silage had a 
rank, unpleasant odor and produced a bad effect in the quality 
of the milk, butter and cheese. At the Michigan Experiment 
Station, Smith (1905) noted a peculiar and unpleasant odor 
found in silage made from equal weights of soybeans and corn. 
Although the silage kept in good condition, was brown in color, 
and not badly fermented nor soft, a characteristic and unpleasant 
flavor was noted in the butter. 

Extensive investigations have been made by Oakley and 
Westover with different kinds of silage. It was found by these 
investigators that soybean silage when tightly packed had no 
unpleasant odor. Moreover, the silage kept in good condition and 
was readily eaten by stock. Undoubtedly, if soybeans are ensiled 
alone and packed thoroughly, good silage would be obtained. 

As an ensilage crop, however, in combination with corn, the 
soybean has been used to a considerable extent in the northern 
states. The silage, consisting of three parts corn and one part 
soybeans, keeps well, is readily eaten by stock, the animals show 
good gains in flesh and milk production, and no bad effects are 
produced in the quality of milk and its products. On account 
of the high protein content and rather low content of carbohy- 
drates, soybeans alone tend to make strong smelling objection- 
able silage, while mixing with corn avoids the likelihood of strong 
odors, makes the silage more nutritious and not less palatable than 
from corn alone. The ensilage made from soybeans and corn has 
been found more digestible than that made from dent corn alone. 

Corn in itself has a wide nutritive ratio and should be supple- 
mented with feeds richer in protein to balance the ration. 

Feeding Experiments—At the Massachusetts Experiment 
Station one acre of soybeans produced 34 per cent. more protein 
than did one acre of flint corn cut green for fodder; while the 
acre of corn produced over 84 per cent. more of carbohydrates 
and fat than did the acre of soybeans. Lindsey (1898a) in feed- 
ing experiments with milch cows at this station found that a 


UTILIZATION OF THE SOYBEAN 139 


mixed silage of equal parts of green corn fodder and green soy- 
beans was equal to hay for milk production and much more 
economical. 

At the Mississippi Experiment Station, Gayle and Lloyd 
(1917) in. a feeding test with steers found 1 lb. of Goliad 
corn silage equivalent to 1.13 lb. of Goose-neck cane silage, 
or 0.9 lb. of equal parts mixture of Goliad corn and Early 
Amber sorghum silage, or 0.83 Ib. of equal parts mixture of 
Goliad corn and Mammoth Yellow soybean silage. 

In a feeding test by Alvord (1890) at the Maryland Experi- 
ment Station, two heifers were fed exclusively for 2 months on 
silage made from a mixture of corn, sorghum and soybeans. The 
results indicated that this silage was a good and sufficient feed 
for heifers, proving to be more than a maintenance ration. An 
experiment was conducted by Woods and Bartlett (1904) at the 
Maine Experiment Station with 6 cows, comparing soybean 
and corn ensilage with corn silage. The cows did practically as 
well on corn and soybean silage with 1 lb, less grain as on corn 
silage and grain. 

Bergh (1920) at the Minnesota Experiment Station recom- 
mends a mixed ensilage of corn, sunflowers and soybeans. 
Cows fed on this cleaned up 40 lb. and more a day without 
showing a preference to any particular part of the mixture. 

Analyses.—The following table gives analyses of soybean 
ensilage alone and in mixture, compared with corn silage. 


Taste LXIV.—ANALysrEs OF SOYBEAN, SOYBEAN AND CorN, AND CoRN 
SmAaGcEs. CoMPILED FROM VARIOUS SOURCES! 


Carbohy- 


Kind of silage Der aeti ayer contd SEE 1 el aut kper sent per gat 
Ov beat teu oe ot aoc: 68.97 3.28 | 10.00 | 2.97 5.69 9.09 
SOV DSA Ln tte . cone | = 74.20 4.10 7.00 2.20 2.80 9.70 
PMWM yeahs a. pete 74.86 4.42 | 10.07 2.15 2.03 6.47 
Soybean and corn....... 72.89 | 2.97 | 16.46 1.09 LoL 5.08 
Soybean and corn....... 76.00). 2.50) 11,20 |F 0280 4" 240°} -7720 
Soybean and corn....... Cassel en wkOab Ibe MOO ccO. | lsat eo. 10 
Soybean and millet......) 79.00 | 2.80} 7.20 1.00 | 2.80 (20 
SOTO ORR EARNS ona coe ain 5 73.03 2.60 | 17,25 0.85 1.44 4.83 
CLAY Ee recs 5b ae eae 74.40 2.20 | 15.00 Lato; i2D0 5.80 


1No data were given as to the proportions of soybeans and corn in the 
silages. Varying proportions of the two crops no doubt account for the 
variations in the constituents. 
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Digestibility—Experiments have been made by the Maine 
and Massachusetts Experiment Stations to ascertain the digesti- 
bility of soybean, and soybean and corn silage in comparison 
with corn silage. The following table shows the coefficients of 
digestibility as obtained from these experiments. 


Taste LXV.—DIGESTIBILITIES OF SOYBEAN AND OTHER SILAGES. 
CoMPILED FROM VARIOUS SOURCES 


; Nitrogen- 

ad crept Ash, | Protein, | Fiber,| ous free Fat, 
Kind of silage Animal ame per per Per extract, per 
ee cent. cent. cent. per cent. 
j / cent. | 

Soy bediea....-drvse ee erat Goats Teuede saris 76.0 55.0 52.0 72.0 
Soy bean icees e-h aa eee Steers we aue a arate 55.0 43.0 61.0 49.0 
Soybean and corn......... Sheep eae ane 65.0 65.0 Tal0 82.0 
Soybean and corn......... Sheep W2.2 42.7 62.6 65.1 79.1 67.7 
Soybean and corn......... Steers 72.2 31.3 56.4 61.7 80.5 66.7 
Soybean and millet....... Sheep aes day's 57.0 69.0 59.0 72.0 
Cornette ge cen nudes Sheep 77.0 32.5 65.4 71.4 78.5 82.9 
Corn: Ree ee er een Sheep 73.6 8023), 56.0 70.0 76.1 82.4 


Soybean Hay.—The principal value of soybean hay lies in its 
high content of digestible protein. As indicated by comparative 
feeding tests it is equal to red clover, alfalfa or cowpeas for milk 
and butter production. Soybean hay makes an excellent winter 
ration for young cattle, sheep, and horses, and has been used to 
good advantage for hogs. The following table shows that the 
amount of digestible nutrients of soybean hay compares very 
favorably with the hay of other important crops. The relative 
value of feeds is, however, best indicated by comparative feeding 
tests. 


TasLe LX VI.—DicestrsLe NUTRIENTS IN 100 Ls. or Arr-pry SupsTance! 


Material Total Protein jones Fat 
DOV DCAM ese eee 53.6 1ST 39.2 1.2 
COwpeaineck sci 8 cue 49 .0 13.1 33.7 1.0 
AaB aS cat ecaicesee ete ® 51.6 10.6 39.0 0.9 
Redi¢loverannannanei. 50.9 7.6 39.3 1.8 
TRIOL Eigen rcrk te ae 48.5 3.0 42.8 InP 


1 Hpnry and Morrison, Feeds and Feeding. 


-—"- 


UTILIZATION OF THE SOYBEAN 141 


Feeding Tests.—At the Tennessee Experiment Station, Price 
(1908) conducted a feeding test comparing soybean hay and 
alfalfa hay in combination with corn ensilage and corn and cob 
meal. Each lot of cows consisted of 4 Jerseys and the test lasted 
through 3 periods of 30 days each. At the conclusion of the 
test, the results showed that the lot fed soybean hay produced 
245 lb. of milk and 20.5 lb. of butter fat more than the lot 
receiving alfalfa hay. 

In feeding tests at the Ohio Experiment Station, by Caldwell 
(1913) a ration of 8.7 lb. of soybean hay, 31.79 lb. of ensilage, 5.7 
lb. of corn meal, and 1.0 lb. of cottonseed meal gave as good 
results as a ration of 8.4 lb. of concentrates (equal parts by weight 
of wheat bran, cottonseed meal, and corn meal) 7.0 lb. of corn 
stover and 32.8 lb. of ensilage. The feed cost of the butter fat 
produced was 9.5 per cent. lower in the soybean hay ration. 

Soybean Straw.—The straw obtained from thrashing the 
soybean for seed is a valuable feed for all kinds of live stock. In 


Fia. 38.—Thrashing soybeans from the field and baling the straw. 


many sections where this crop is grown extensively for seed the 
straw is baled at the time of thrashing (Fig. 38) and sold in 
the immediate locality to liverymen, dairymen, and feeders. 
The straw also is of considerable value as fertilizer. 

Feeding Value.—At the Ohio Experiment Station, Carmichael 
and Hammond (1912) conducted a series of experiments to 
compare corn stover and soybean straw for fattening lambs 
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when fed with shelled corn and linseed oilmeal. It was found 
that soybean straw produced 6.6 per cent. greater gain on a 
smaller amount of feed per 100 lb. of gain than did corn stover. 

At the Tennessee Experiment Station, Price (1908) compared 
soybean straw and corn stover as roughages in the production of 
milk and butter. The ration containing soybean straw was 
found superior to that containing corn stover. This ration 
produced more pounds of milk and butter fat, and produced them 
more cheaply than the corn stover ration. In every case there 
was less loss in milk and butter fat during the feeding of soybean 
straw than during the feeding of corn stover. During the last 
period of feeding, one lot of cows, on soybean straw, actually 
gained 57 lb. of milk over the preceding period on corn stover. 
It was concluded from these tests that soybean straw is a valuable 
roughage in the feeding of dairy cows. 

The following table gives the digestive nutrients of soybean 
straw as compared with those of other roughages. 


Taste LXVII.—Dicestiste Nutrients 1n 100 La. or Sorysean STRAW 
AND IN OTHER RouGHaGEs! 


: Carbo- 

Roughage Protein, lb. Aor Fat, lb. Total, Ib. 
Soybean straw........ 2.8 38.5 1.0 43.5 
Cowpea straw........ 3.4 39.1 0.7 44.1 
Crimson clover straw.. 3.8 36.5 0.9 42.3 
Beanistre wae nar 3.6 42.4 0.7 47.6 
Wheat straw......... 0:7 35! 0.5 36.9 
Oatistraweease een. 1.0 42.6 0.9 44.6 
Corn fodder...:... 2). 1.0 12.8 0.4 14.7 


Fertilizer Value-—Although soybean straw is more generally 
used for feeding, in some cases it is used for spreading on the 
land for its fertilizing value. The more economical plan would 
be to feed the straw and apply the manure to the soil. The 
following table gives the fertilizing constituents of soybean straw. 


1 Henry and Morrison, Feeds and Feeding. 
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Taste LXVII.—Ferrtimizing Constirvuents or SoyBraAn Srraw Com- 
PARED WITH THOSE OF WHEAT, OATs, BARLEY, AND RyB! 


Fertilizing constituents in 1,000 lb. 
Straw 
Nitrogen Pioephoris Potash 

DAT eee ASO sate Ge vec m en i ct 9.0 eo 8.9 
INLETS Fy crap cto One Re  ire-a Al 5.0 1.3 7.4 
EHS ts J aloes ae ena as one er 5.8 2.1 15.0 
RTS 2 de a ato pa ai Ran RU are Bn ote 5.6 1.8 12.0 
Rye.. 4.8 2.8 7.9 


When special harvesters are used for gathering seed, the vines 
are left standing and later are turned under. Analyses of 
plants from which seed have been gathered by these harvesters 
indicated one ton of this straw to contain 10.1 lb. of nitrogen, 2.1 
lb. of phosphoric acid, and 17.6 lb. of potash. 


1 Henry and Morrison, Feeds and Feeding. 


CHAPTER Ix 
VARIETIES 


The varieties of soybeans are very numerous, upwards of 800 
having been tested by the United States Department of Agricul- 
ture. New sorts are secured from Oriental countries and by 
breeding, which differ widely in agricultural value. Although 
yield is the most important single desideratum, other considera- 
tions are important, such as habit, coarseness, color of seed, 
ability to hold leaves, ease of shattering, and length of season 
required to mature. In view of the increasing importance of 
the soybean for the production of oil, the percentage of oil 
content is second in importance to yield for seed production alone. 

At the present time about twenty varieties of soybeans are 
handled by seedsmen and growers in the United States. During 
the past 10 years more than seven hundred varieties have been 
introduced from China, Manchuria, Japan, and India. From 
among these several have since become established in American 
agriculture. Others of more recent introduction have proven 
so valuable in trials that they are deemed important acquisitions 
and doubtless will become widely grown. 

Unfortunately, considerable confusion in the names of varieties 
has been caused by seedsmen and growers, the same variety being 
frequently known under several different names. With the 
introduction of more varieties greater confusion may easily occur 
unless every precaution be exercised. 

Among the many varieties introduced from China and Man- 
churia it is a very interesting fact that the same variety has 
rarely been secured a second time unless from the same place. 
It appears that practically every locality in these countries 
has its own local varieties. In general, the earliest varieties 
come from the northernmost localities, the latest from the southern- 
most. 

Japanese Classification of Varieties—In Japan varieties 
of soybeans are distinguished largely according to the color, 
shape and size of seed, period of maturity; also according to 
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use, as those which serve principally in making shoyu, tofu, miso, 
and those used for ordinary purposes. 

(A) The white (pale yellow) called in Japanese Shiro-mame or 
Hakudaidzu, includes the following important varieties: 

Goguwatsu-mame (five-months kind) also called Tofu-mame, 
because it is used chiefly in making tofu, is an early ripening 
sort with very small seeds. 

Wase-mame is another small-seeded early-ripening variety 
used in making tofu, and is also termed Tofu-mame. 

Nakate-mame (middle late bean) matures between the early 
and late varieties and has round seeds somewhat larger than the 
above early sorts. 

Okute-mame, Maru-mame, and Teppo-mame, or Aki-mame are 
late maturing varieties with round seeds which become harder 
and longer than the early ones. The Teppo-mame is used largely 
in making shoyu, while Maru-mame is valuable as horse feed. 

(B) The black varieties, Japanese Kuro-mame or Kodu-- 
daidzu, are for the most part eaten boiled, with sugar, as a relish 
to rice. Kuro-mame is a middle-late variety with round or ellip- 
soid seeds and is somewhat similar to Kuro-teppo-mame which 
has large round seeds. There is also a late maturing sort with 
flat ellipsoid seeds known under several names. 

(C) The brown-seeded varieties, Japanese Katsu-daidsu, 
are much less grown than the white and black sorts, and are used 
like the latter. Varieties with reddish-brown, round seeds are 
called Aka-mame, while three light-brown sorts of small impor- 
tance are termed Cha-mame (tea beans). 

(D) Greenish or bluish-green varieties, Japanese Aé-mame or 
Seidaidzu are mostly boiled with sugar like the brown and black 
varieties. Similar to the brown sorts, they are much less widely 
grown than the black and white varieties. The Japanese dis- 
tinguish the following sub-varieties: 

1. Sei-hito. Epidermis green with yellow germ. 

2. Nikuri-sez. Epidermis green with green germ. 

Both of these sorts range from round-ellipsoidal to a 
bullet roundness and are of medium size. 

3. Kage-mame. Epidermis pale green, round with yellow germ. 

(EF) The speckled or bicolored varieties. Japanese Fuiri-mame 
or Han-daidzu, is a group of small importance and their cultiva- 
tion is confined to a small area in a few provinces. The following 


sub-varieties are recognized: 
10 
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1. Kuro-kura-kake-mame. Seed greenish, flat, ellipsoid with 
a black spot on the scar. 

2. Aka-kura-kake-mame. Seed yellowish green, flat, long: with 
a brown spot on the scar. 

3. Fuiri-mame or Udzura-mame. Seed yellowish-green, spotted 
with many dark flecks. This is a rare variety grown 
only in a few localities. 

Classification of Varieties in Manchuria—In Manchuria 
three main groups of soybeans are distinguished according to 
color of seed, this number being found adequate for commer- 
cial purposes and use among the Chinese. These three divisions 
are: 

(A) Yellow. 

1. Pai-mei or white eyebrow, from the whiteness of the 
hilum or seed scar. 

2. Chin-hudn or round golden bean. 

3. Hei-chi or black navel, from the dark brown hilum. 
In this sub-variety the color and size of the hilum 
are said to vary considerably. 

(B) Green (Ching tou). 

1. Epidermis green; germ yellow. 
2. Epidermis green; germ green. 

(C) Black (Wu tou). 

1. Ta wu tou or large black; germ green. 
2. Small black; germ yellow. 
3. Pieu wu tou or flat black; germ yellow. 

There is a great number of sub-varieties of these groups each 

differentiated by some small characteristic. 

These oriental classifications are of little value as most of the 
names apply to two or more agronomically distinct varieties. 

Botanical Classifications.—The numerous varieties of soybeans 
have led some botanists to give them botanical designations, 
but these for the most part have been ignored by later writers. 

Roxburgh (1832) described a variety in the Calcutta Botanical 
Garden as Soja hispida pallida, stating that it had yellow flowers 
and white seeds. Voigt (Hortus Suburbanus Calcuttensis, p. 
231) apparently redescribes the same plant as Soja hispida 
leucosperma. ‘There is perhaps an error here as all of the varieties 
of soybeans grown by us have either white or purple flowers 
and none have truly white seeds. 

Martens (1869) discusses the soybean under the name Soja 
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hispida Moench and gives a classification of thirteen varieties 
that he had secured from various sources, of which he apparently 
grew but one. He divides the species into three sub-species 
based on the form of the seed, under which the varieties are 
named according to the color of the seed. 
I. Soja elliptica Martens. Seeds oval. 

1. S. elliptica nigra. Seeds black; obtained from Shanghai 

; and Paris. 

2. S. elliptica castanea. Seeds brown; obtained from 
Chefoo, Venice and Berlin. 

3. S. elliptica virescens. Seeds greenish yellow; obtained 
from Paris. 

4. S. elliptica lutescens. Seeds yellow; obtained from 
Chefoo. 

II. Soja spherica. Seeds globose. 

5. S. spherica nigra. Seeds black, large; obtained from 
Japan. 

6. S. spherica minor. Seeds black, small; obtained from 
Japan and Sumatra. 

7. S. spherica virescens. Seeds greenish; obtained from 
Shanghai and Yokohoma. 

8 S. spherica lutescens. Seeds yellow, large; obtained as 
“New Japan peas” from Norway. . This is identified 
as var. pallida of Roxburgh. 

9. S. spherica minima. Seeds yellow, small; obtained 
from Yokohoma. 

III. Soja compressa. Seeds compressed. 

10. S. compressa nigra. Seeds black, very large; obtained 
from Yokohama. 

11. S. compressa parvula. Seeds black, small, obtained 
from Chefoo. 

12. S. compressa virescens. Seeds greenish; obtained from 
Berlin as Soja ochroleuca Bouche. 

13. S. compressa zebrina. Seeds brown banded with black; 
obtained from the Berlin Botanic Garden. 

Harz (1880-1885) gives an even more elaborate classification 
than Martens of the varieties of Soja hispida, dividing the species 
into two subspecies on the form of the pod, and numerous varie- 
ties on the shape and color of the seeds, but it is not apparent 
that he grew the plants. His grouping is as follows: 

Soja platycarpa Harz. Flat-podded soybeans. 
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1. olivacea Harz. Seeds olive-brown. 

2. punctata Harz. Seeds olive, speckled with brown. 

3. melanosperma Harz. Seeds black, elongate (Soja compressa 

nigra Martens). 

(a) vulgaris. Hilum flat; seeds 9.1 X 5.5 X 3.5 mm. 
(b) renisperma. Hilum concave; seeds 10.1 X 5 X 3.8-4 
mm. : 

(c) nigra. (Sojo elliptica nigra Martens). Seeds little 
compressed, 11 & 5.1 X 4.4 mm. 

(d) rubrocincta. Like the preceding, but dark red about 
the hilum. 

4. platysperma Harz. Seeds black, flat. 

5. parvula Martens. Seeds black, small. 

Soja tumida Harz. Swollen-podded soybeans. 

6. pallida Roxb. Seeds yellow or yellowish. 

7. castanea (Soja elliptica castanea Martens). Seeds brown. 

8. atrosperma Harz. (Soja spherica nigra and S. spherica 

minor Martens). Seeds black. : 

This classification differs from that of Martens primarily in 
recognizing two main groups based on the shape of the pod rather 
than three groups based on the form of the seed. 

While either the system of Martens or that of Harz will classify 
the material, they are of little value either botanically or agrono- 
mically. To accommodate the much larger number of varieties 
now known, either scheme would need to be elaborated greatly. 
Furthermore, there are all possible intergrades between flat pods 
and tumid pods, as also between ovoid, globose and compressed 
seeds. Botanically speaking, the form of the pod and the color 
and form of the seeds is of little significance. Agronomically, 
the habit and size of the plants are much more important char- 
acters, and in many cases varieties very different in these 
respects have closely similar seeds. 


VARIETAL CHARACTERISTICS 


Habit of Growth.—All soybeans are strictly determinate as 
to growth; that is, the plants reach a definite size according to 
environment and then mature and die. The great majority of 
varieties are erect and branching with a well-defined main stem. 
The branches may be short, or the lower ones elongated, either 
spreading or ascending. In other varieties the stems and 
branches, especially the elongated terminals, are more or less 
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twining, and usually weak, so that the plant is only suberect or 
even procumbent. In the bushy forms the internodes may be 
short, in which case the pods are more or less densely crowded; 
or elongated, when the pods are scattered. Varieties with 
elongated internodes are usually slender and the pods small, 
but this is by no means universal. The form of the plant may be 
greatly modified by thickness of planting, as the development of 
the branches is inhibited by close planting and encouraged by 
isolation. 

Foliage.—A wide variation occurs in the leaves of soybeans, 
involving shape, size, color, and degree of persistence. These 


Fre. 39.—The larger plant is the Guelph or Medium Green which is very pubes- 
cent, while the smaller plant is a nearly smooth variety from Japan. 


characters merge by insensible degrees, so that they are useful 
in differentiating varieties only in extreme cases. In shape, the 
leaflets are usually ovate-lanceolate, but in some varieties are 
narrowly lanceolate or almost linear as in the Shingto; in others 
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nearly orbicular. They vary in length from 1 in. to 5 in. In 
color they are usually a pale green, but some are dark green. 

In nearly all varieties of soybeans the leaves commence to 
turn yellow as the pods begin to ripen and commonly all have 
fallen when the pods are mature. On this account it is difficult 
to harvest the crop for grain and save all the foliage as well, but 
this is possible with several varieties. A few sorts, like the 
Wisconsin Black, retain their leaves green until all or nearly all 
of the pods are mature. 

Additional leaflets occur not uncommonly in several varieties. 
This seems to be especially true with early sorts from Siberia, on 
which leaves with four or five leaflets are frequent. 

Pubescence.—All soybeans are hairy plants, and there is but 
little difference in the amount of hairiness. No smooth variety 
has thus far been obtained, the nearest approach to it being a 
variety (Fig. 39) obtained from Tokio, Japan. There are said 
to be several smooth varieties in Japan, but all so far introduced 
into the United States are somewhat hairy. The pubescence 
occurs in two colors, white or gray and tawny, which behave 
in Mendelian fashion, the tawny being dominant. The tawny 
pubescence is nearly always on tawny-colored or dark pods and 
the white pubescence on grayish or straw-colored pods. Many 
cases occur where two varieties differ wholly or mainly in the 
color of the pubescence. In some instances these have been 
segregated; in others the mixture is evident. In such cases one 
color usually predominates, the presence of the other being due 
to casual hybridization. In a study of differences of amount 
of pubescence in American varieties and those of India, Wood- 
house and Taylor (1913) note that in the Bengal types I-V the 
leaves differ from the American varieties and Nepali (type VI) 
in being covered with soft, upright hairs on their upper surfaces, 
whereas the upper surfaces of the latter types are covered with 
closely appressed hairs. The American varieties and Nepali 
type can be distinguished at a distance from the fully pubescent 
types by the darker green color of their leaves. 

Flowers.—The flowers are borne on short axillary or terminal 
racemes, commonly with 8 to 16 in each cluster. In some varie- 
ties, however, the racemes may have as many as 35 or more 
flowers. Most soybean flowers have no perceptible odor; but 
three varieties when in full flower at Jackson, Tenn., 1909, were 
very fragrant, the odor suggesting that of lilacs. 
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Fie. 40.—Pods of soybeans showing the range in size and shape. (Natural size.) 
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Soybean flowers occur in two colors, purple and white. Cer- 
tain varieties can be distinguished most readily by this character. 
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Fie. 41.—Seeds of the most important varieties of soybeans now grown in the 
United States showing wide range in size and shape of seed. 


In a large number of cases both colors of flowers occur, the plants 
otherwise resembling each other closely. The two strains differ- 
ing wholly or mainly in flower color can, however, be readily 
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separated. Roxburgh (1832) and Voigt each describe a variety 
with white seeds and yellow flowers. There is perhaps an error 
here as there is no hint of yellow flowers in the 800 or more 
introductions studied: by the U. 8. Department of Agriculture. 

Pods.—In most varieties of soybeans the pods are distinctly 
compressed, but in some cases cylindric, and all possible inter- 
mediate forms exist (Fig. 40). The number of seeds to the pod 
in most varieties is 2 to 3. In a few sorts, however, the nuinber 
is 3 to 4. Wein (1879) speaks of varieties having occasionally 
4 to 5 seeds in a pod, but in our extensive studies of varieties we 
have never seen but one example of a 5-seeded pod. The 
largest pods measure from 3 to 314 in. long and the smallest 
from 1 to 114 in. long. 

Soybean pods are commonly borne in clusters of 3 to5 In 
some varieties the clusters may contain as many as 8 to 15 pods. 
Depending on the length of the internodes, the pods appear 
crowded or scattered. A single plant may bear over 400 pods. 
The color of the pods may be gray, straw yellow, tawny, or black. 
Gray pods bear white or grayish hairs while tawny pods 
have tawny pubescence. Nearly all black pods bear white or 
grayish hairs. 

Under changeable weather conditions most soybean varieties 
tend to shatter their seeds easily. Among the varieties tested 
at Arlington Farm, Virginia, some varieties were noted to hold 
seeds better than others. The Biloxi variety has been found an 
excellent sort on account of holding its seeds better than other 
varieties commonly grown in the southern states. Thus far 
only one variety, 8.P.I. No. 22876 from Japan, has shown a non- 
shattering character. Hybrids between this variety and easily 
shattering sorts show the character to be transmitted. 

Size and Weight of Seeds.—The range in size and shape of 
soybean seeds according to variety is well shown in Fig. 41. 
None is truly globose, but this shape is closely approximated by 
some varieties. Others are much compressed. The great 
majority, however, are elliptic in outline, the thickness less than 
the breadth. 

The size and weight of the seeds vary considerably, the lowest 
weight per hundred seeds being 4.3 grams and the highest 21.2 
grams. Soybean seeds weigh about 60 lb. to the bushel and this 
weight is recognized as standard throughout the United States. 
In Manchuria the weight per bushel is usually 40 lb. The follow- 
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ing table shows the number of seed to the bushel and weight in 
grams of 100 seeds of the important commercial varieties. 


Taste LXIX.—NvumMBER or SEEDS PER BUSHEL AND WEIGHT IN GRAMS OF 
100 Seeps or THE Most ImporTANT VARIETIES 


Number | Weight in Number | Weight in 
Variety of seed grams of Variety of seed grams of 
per bu. 100 seeds per bu. 100 seeds 
Mammoth, ... 0.006% 132,480 Poi Early Brown...... 170,000 
Hollybrook......... 175,680 17.3 Wir ging fosrecissscre oe 249,600 11.6 
Haberlandt....-.. + 141,120 20.4 DEE. nvtat aaa; eee 340,000 
Manchu si. -csctsens 140,160 20.0 Barohet. cece athe: 644,160 4.3 
TO: SON. Aes ops wastes 171,840 15.7 Black Eyebrow....| 147,840 19.0 
IMMid' west cigs veo 261,120 10.6 Shanehal. :3. 7.055% 164,000 
Chiquitay cre nccsi 274,560 10.4 ATTN gO dtpe sis ste 306,240 9.0 
TOKLO sai stsnais ke aol: 142,080 19.3 PEAS. co aknulrtehe 26 348,480 7.8 
Guelph F.ccsesestan 148,800 19.0 Wilson-Five....... 327,360 9.8 
BOR jigs oe ae 112,000 aes BE DOnY 234i ck 345,000 
PIS hGO. seco as 75,000 Ph 3 Lexmgton css .5 5s. 215,000 


Color of Seeds.—Most varieties of soybeans have unicolored 
seeds in the following colors: Straw yellow, olive yeilow, green, 
olive, brown, and black, the last really a dark violet. Straw- 
yellow seeds are in some varieties very pale, especially when old, 
and are sometimes erroneously called white, but no truly white 
seeds are known in soybeans. In several varieties, like the 
Mammoth, the seeds have a greenish tinge if harvested before 
maturity, making it difficult to distinguish them from varieties 
whose fully mature seeds are greenish-yellow. The latter again 
merge by very fine gradations into olive and from this into 
brown. Bi-colored seed occurs in but few varieties. The com- 
monest are green or yellow with a saddle of black, the latter not 
sharply delimited. Some varieties have their seeds brindled 
brown and black, the two colors somewhat concentrically 
arranged. One variety has black seeds faintly marked with 
minute brown specks. On heterozygote plants the seeds are 
often irregularly bicolored and in some cases tricolored. Among 
recent introductions from Chosen (Korea) were several black 
and a few brown varieties with the outer layer of the testa 
broken by numerous cracks so as to expose the inner white 
layer (Fig. 42). In the case of the black sorts this splitting has a 
net-like appearance, giving the beans a black and white color. 

The hilum or seed scar may be of the same color as the seed 
coat as in the case of black, brown, and a few yellow seeded varie- 
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ties or it may range from a pale brown to black in most straw- 
yellow, olive-yellow, and green seeded sorts. In the latter case 
the color of hilum is often of value in distinguishing varieties 
having the same outer color. In a few varieties, as in Ito San, 
there is a minute brown spot on the micropyle which is diagnostic. 


Fria. 42.—Seeds of a black and white variety (Widower) from Korea. The white 
is due to the splitting of the outer layer of the testa. 


Frost Resistance.—Soybeans will withstand considerable 
frost, both in the spring, when young, and in the fall, when about 
mature. The trials at the Arlington Experimental Farm, near 
Washington, D. C., indicate that varieties vary to a considerable 
degree in this respect. The first frost in the fall of 1909 at this 
farm came on October 13, the minimum temperature being 31°F. 
The top leaves of nearly all varieties were slightly touched by 
frost. The varieties from India were injured to a greater extent 
than any of those previously grown. The first killing frost 
occurred on October 29, 1909, the minimum temperature being 
27°F. In the majority of the late and very late varieties the 
plants were killed. However, several varieties still retained a fair 
percentage of green leaves, and the pods were but slightly 
touched. The Riceland and Barchet varieties showed consider- 
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able frost resistance, about 50 per cent. of the leaves and all the 
pods remaining green after this later frost. The most resistant 
variety in the trial was No. 20798-E, a selection from No. 
20798, Barchet, this variety still having about 70 per cent. of its 
leaves green and no pods injured. Those varieties showing any 
degree of resistance still retained green leaves and pods on 
November 15, the temperature meantime not reaching the 
minimum of October 29. 

In a variety trial at Muskegon, Mich., in 1909, the Guelph, 
Ito San, and Ogemaw varieties were found to be quite frost 
resistant and the Chernie, Jet, and Meyer extremely sensitive. 
The comparative resistance of varieties is reported as follows, 
the first being least injured: (1) Ogemaw; (2) Haberlandt, Ito 
San, Kingston, Guelph; (8) Habaro, Shingto, Manhattan, 
Brindle; (4) Jet; (5) Meyer, Chernie. 

It may be that the same variety varies in frost resistance, 
depending on its stage of maturity. In the foregoing list, how- 
ever, the Ogemaw, though very early, usually matures with the 
Manhattan and the Chernie, while the Haberlandt is 15 days 
later. 

Period to Maturity—In soybeans there is a complete 
series of varieties from very early to very late. With very 
few exceptions, earliness is correlated with size, the tallest varie- 


Taste LX X.—ReEsuuts oF PLuantine A SINGLE VARIETY OF SOYBEAN AT 
Dirrerent Dates. Vinnna, Austria, 1877. 


Total heat required 
Life 
Date of planting Date of harvest | period,| Until Until : 
days germin- blossom- ee 
ation, ing, deg. C. - 
deg. C, deg. C, 
Mareh:Bi:.c)..ouuee September 29 | 182 | 230 | 1,185 | 2,972 
ADYilie/ a ae ene le September 2Onimdle7s 294 | 1,102 2,893 
April 14...............«| September 29 | 167 189 | 1,008 2,787 
HN OVA VANIER re bore ites he September 29 | 160 21 Male et 026 2,753 
April 28...............| September 29 | 153 | 228 | 995 | 2701 
Maye Speen eine OCtOborslS 163 209 | 936 2,811 
May 127) sad... o. October 159 156 yegai een ogon apeaae 
May 19...............| October 18 | 152 | 275 | 1,043 } 2,641 
Maya2Gn een ds see OctoberalS 145 153 985 2,519 
JURCE2 eee Seren Octo bers 138 152 871 2,405 
UNCL0 center Eee LO CLODeTSeO 139 130 739 2Zo22 


SS 
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ties being latest. As in the cowpea, early plantings take a longer 
time to mature than late plantings, but there is by no means a 
consistent behavior in the different varieties in this respect. 
In general, the later the variety the more is its life period short- 
ened by later planting. See Table LXXIV. 

Haberlandt (1877) planted one variety at Vienna at intervals 
of one week through the season and attempted to correlate 
the life periods obtained with the amount of heat. His results 
are shown in Table LXX. 

Prof. C. A. Mooers (1908) has conducted extensive experi- 
ments of a similar kind. The following table gives some of his 
results: 


TaBLEe LX XI.—RESULTS OF PLANTING DIFFERENT VARIETIES OF SOYBEANS 
AT DIFFERENT Dates aT KNOXVILLE, TENN.! 


1907 1908 
Variet, q F 
; Date Date Revit Date Date es 
planted harvested days : planted harvested | days ‘ 
Mammoth........ April 3 October 5 186 | April 2 October 2 188 
April 15 October 5 173 | April 14 October 2 179 
April 30 October 6 160 May 1 October 2 159 
May 15 October 9 146 May 15 «| October 2 145 
June 5 October 19 129 | June 1 October 2 128 
June 17 October 22 127 June 17 October 21 126 
June 29 October 22 113 July 1 October 21 112 
July 15 October 28 105 July 16 October 24 100 
April 3 September 13 164 April 2 August 15 135 
Midwest......... April 15 September 13} 151 | April 14 September 7 146 
April 30 September 13 137 May 1 September 14 136 
May 15 September 18 135 May 15 September 14 122 
June 5 September 20 107 June 1 September 19 110 
June 17 September 27 102 | June 17 September 23 98 
June 29 September 27 90 | July 1 September 28 89 
July 15 October 9 86 July 16 October 17 93 
August 6 | October 29 84 August 1 | October 24 85 
TES SEY ee ve. ams April 3 August 9 129 | April 2 July 25 114 
April 15 August 9 117 | April 14 July 29 106 
April 30 August 9 102 May 1 August 5 96 
May 15 August 17 93 May 15 August 15 92 
June 5 September 3 90 | June 1 August 27 87 
June 17 September 18 93 | June 17 September 10 85 
June 29 September 18 81 July 1 September 19 80 
July 15 October 9 85 July 16 October 6 82 
August 6 | October 29 84 August 1 | October 24 85 


wee ne a eee ee eee Ee ee ee 
1Tenn. Agri, Exp. Sta, Bull. 82, December, 1908, 
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A large list of varieties has been grown for several years past 
at the Arlington Experimental Farm, Virginia, planted each 
year about the first of June. In period of maturity nearly all 
of the varieties behave consistently from season to season, 
as indicated in the following table. 


Taste LXXII.—Lire Preriop or SoyBEAN VARIETIES GROWN AT THE 
ARLINGTON EXPERIMENTAL Farm, Va., For EigHT SEASONS 


Life period (days) 


Variety 

| 1905 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 1913 
Nowt/251, Buckshotaen see 103 | 103 | 99] 100} 103| 107} 98 
NGS 72525 Mlat King eee 128 | 132 | 128 | 136 | 146 | 181 | 131 
Nom 7253 Nuttall eee ee 114/117 | 121 | 119 | 118 
Nowt72547 Hbonyie eee 122 | 123 | 121 | 124 | 121 | 120 | 122 | 116 
Nom Zoos Mngetonen see mre: 114 | 117 | 118 | 124 | 121 
No. 17256, Brownie........... ..| 121) 124 | 121 | 124 | 121 
Noy TANG BB ins 5 ahem mntior ube 112 | 117 | 114 | 112 | 111 
INOS 1/258; Ogemaware eases snr 88 | 102 | 105] 112} 111] ... | 104 
No. 17260, Samarow............ 103 | 102 | 105 | 112 | 111 | 108 | 110 
Nowk{261, Guelpheceie saan tee 112 | 117} 118 | 117 | 116 -:122 | 115 | 116 
INOS LT 26255) OSHO\eeie cert ee 103 | 107 | 104 | 109 | 111 
INO #17263 PAUIstininer eet 119 | 127 | 123 | 136 | 184 | 142 | 123 | 127 
NGM (2645 okyOmdeee eee nine 149 | 137 | 184 | 150 | 146] ... | 145 | 149 
NOP 26/ Oneness ere 149 | 138 | 134 | 149 | 146 | 150 | 145 | 149 
INOS et 7 268 Oneal sree barte 113 | 117} 106 |.117/ 111] ...] 98] 99 
No. 17269, Midwest..........-.. 121 | 124 | 123 | 124 | 122 | 124} 119 | 116 
Nowl7271> Haberlandts: wor. .20 LID pel LIS T2ON TOO TOA tala 
No. 17273, Butterball........:+.| 96] 117} 105) 112) 111 | 116} 116 
NOP (275 amiherste see setae 114 | 122 | 119 | 124 | 122 | 115 | 119 | 116 
No, 17277, Manhattan..........| 96) 117) 98) 105.) 93)... 1106 
No. 17278, Hollybrook..........| 183 | 137 | 128 | 188) 181) ... | 12811385 
No. 17280, Mammoth........... 147 | 142 | 146 | 150 | 150 | 152 | 152 
No sl7S61,. Jeb in aetatcie a. atte: +. | 117 | 124 | 129 | 122 | 130 | 131 | 118 
INow18227, Chermie....¢.4...5 0 oe | LET |} 1127905: 108 |. a) 06s Lay 


Disease Resistance.—Investigations have been carried on by 
United States Department of Agriculture concerning the resis- 
tance of soybean varieties to diseases, especially wilt and nematode. 
Out of a very large series of varieties tested on the soils of South 
Carolina, Georgia, and Florida where wilt and nematode are 
prevalent, the Laredo and three unnamed varieties showed high 
resistance to these diseases. 
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Cromwell (1917), in investigations on the susceptibility of 
different varieties of soybeans to Fusarium in North Carolina 
found that the Black Eyebrow variety showed resistance. The 
Mammoth Brown variety, while not resistant, appeared tolerant 
and developed remarkably in spite of numerous fungus filaments 
and nematodes within the roots. Fifteen other varieties tested 
were found to be severely affected. 

Woodworth and Brown (1920) in studies on varietal resistance 
and susceptibility to bacterial blight of soybeans at the Wisconsin 
Experiment Station found that soybean varieties vary greatly 
in their relative susceptibility to the bacterial blight. Of forty- 
seven varieties grown in 1918, about one-half were completely 
resistant while the others ranged from complete susceptibility 
to partial resistance. 

Considerable bacterial blight was noted in the 1921 soybean 
variety tests at Arlington Farm, Virginia, which included about 
three hundred varieties. The varieties ranged from complete 
resistance to complete susceptibility. The Midwest variety 
of which there were numerous samples from various sources 
was completely susceptible in every instance. 

Classification by Lengths of Life Period.—Based on the data 
from variety tests at the Arlington Experimental Farm, the 
varieties may be classified into seven groups according to their 
life periods: 


WEE VVCAINV oie. nuh os ain a eee Maturing in 80 to 90 days, 
Warly-cave-+s- nesses. Maturing in 90 to 100 days, 
Medtam early sci. ef). 3: Maturing in 100 to 110 days, 
WINTIOERED Claret angel ais ce eetr gra Maturing in 110 to 120 days, 
Medi: 1at6s eae soc sees Maturing in 120 to 130 days, 
Tate eee eee. 4. .aveturng im 180 to 150 days; 
WOrva LA LG natant: asie samriaees Maturing in more than 150 days. 


Observations made by Woodhouse and Taylor (1913) at 
Sabour, India, show that newly imported American varieties 
take a considerably shorter time to mature at Sabour than in 
America, but that plants from acclimatized seed mature some- 
what later than those from freshly imported seeds. A statement 
of their observations is given in Table LX XIII. 
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Taste LXXIII.—Lire Preriops or AMERICAN VARIETIES OF SOYBEANS 
Grown AT Sasour, Inpia, 1911 


5 . eae De . 
, oF ate Oo Dateror perio period in 
Variety Origin el harsostiar és a a hese 
days days 
IBarchebar veh cieg ioe §.P.1. No. 23232 July 12 | October 18-28 | 99-108} More than 
150 
Barehets..c« a2 oss ec Acclimatized from | July 12 | November 9—|120—-128) More than 
| Saharanpur 17 150 
Duggar.............| 8.P.I. No. 17268C | July 12 | October 11 91 110-120 
Haberlandt......... S.P.1. No. 17271 July 12 | October 31 111 120-130 
Hollybrook......... S.P.I. No. 17278 July 12 | October 19 99 130-150 
Mammoth.......... S.P.I. No. 30205 July 12 | October 25 105 130-150 
Pelong etn og eecle: §S.P.I. No. 17852B | July 12 | September 30 80 120-130 
Pingsg. on sue S.P.1I. No. 18259 July 12 | September 25 75, 120-130 
Ricéland... 23... 42). Acclimatized from | July 12 | November 13 124 More than 
Saharanpur 150 


Desirable Characters in Varieties——The determination of the 
best variety for any locality will depend first on whether it is 
grown primarily for hay or for grain, or for both purposes. In 
this, as with other crops, yield is the most valuable single desider- 
atum. Secondary considerations of importance are habit of 
plant, degree of coarseness, ability to retain the foliage, color of 
seed, ease of shattering, and percentage of oil. 

Erectness of stem with upright or ascending branches is a 
prime requisite of a desirable variety. A tall habit is also impor- 
tant, as dwarf varieties usually bear pods very close to the ground, 
so that many will be left in the stubble, which is not the case in 
most tall sorts. 

An objection to some varieties is the coarse, woody stems which 
make mowing difficult. There are many slender varieties where 
this objection does not hold, but slenderness is usually accom- 
panied with small pods and seeds, and often with vining tips and 
a tendency to lodge. Unless there is lodging, such varieties are 
easily mown. 

Nearly all varieties begin to shed their leaves as the pods ripen. 
There are a number of exceptions to this, like the Wisconsin 
Black when the leaves remain green even after all the pods are 
mature. It may be possible to combine this character as a 
valuable feature to later varieties to be grown both for hay and 
grain. 
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The color of seed is a matter of some importance, depending 
upon the purpose for which thecropisgrown. The yellow-seeded 
varieties are the most suitable for the production of oil and meal 
as they contain the highest percentage of oil and produce a 
better-appearing meal or flour. Yellow or green seeds are also 
preferable to darker colors for pasture, as the shattered seeds are 
more easily found by hogs in field or stubble. 

When grown for grain alone, shattering of the pods is a serious 
fault. Some varieties, like the Guelph, shatter inordinately; 
others, like Biloxi, shatter scarcely at all; while most varieties 
shatter somewhat, especially during changeable weather if not 
harvested when ripe. Asa rule the varieties with large pods and 
seeds shatter much worse than those with small pods and seeds. 
In a few varieties, like Brownie, the seed coats break badly in 
thrashing, a very objectionable character. 

In sections where nematodes and cowpea wilt occur most soy- 
bean varieties are seriously affected by both these diseases. A 
few varieties like Laredo, however, exhibit considerable resistance 
to these diseases, and there is good ground to believe that prac- 
tically immune strains can be developed. 

Descriptions of Important Varieties.—Forty-three varieties 
of soybeans that have been found agriculturally the most valu- 
able under American conditions up to 1922 are here described. 
These have been selected as the best of over 800 varieties 
introduced by the United States Department of Agriculture and 
thoroughly tested in the different parts of the United States. It 
will be noted in the data given for the varieties that most of them 
are introductions, but a few are “selections”? which may have 
been incidental mixtures but more likely natural hybrids. 
“S.P.I.” signifies Seed & Plant Introduction, each lot introduced 
by the United States Department of Agriculture being designated. 
by a special number to facilitate easy recording. 

A.K.—Introduced from Manchuria, about 1912. Plants 
stout, erect, bushy, maturing in about 110 days; pubescence, 
tawny and gray; flowers purple, 50 to 55 days to flower; pods 
35 to 45 mm. long, 8 to 9 mm. wide, 6 to 7 mm. thick; number of 
seeds, 2-3; seed straw yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 
5 to 6 mm. thick; hilum light brown; germ yellow; oil 19.2 per 
cent.; 159,000 to bushel. 

Aksarben.—Introduced from Fakumen, Manchuria, 1913. 
Plants stout, erect, maturing in about 110 days; pubescence 
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gray; flowers purple, 40 to 45 days to flower; pods straw, 40 to 45 
mm. long, 9 to 11 mm: wide, 6 to 8 mm. thick; 2 to 3, seeds 
straw yellow, 7 to 8 mm. long, 6 to 8 mm. wide, 5 to 6 mm. thick; 
hilum pale; germ yellow; oil 19.0 per cent.; 161,000 to the bushel. 

Barchet.—Introduced from Shanghai, China, 1908. Plants 
slender, rather inclined to lodge on rich soils, maturing in about 
160 days; pubescence tawny; flowers purple, 80 to 85 days to 
flower; pods tawny, 30 to 35 mm. long, 4 to 5 mm. wide, 3 to 4 
mm. thick; number of seeds 2-3; seed brown, 6 to 7 mm. long, 
3 to 4 mm. wide, 2 to 3 mm. thick; hilum brown; germ yellow; 
oil 13.3 per cent.; 645,000 to bushel. 

Biloxi.—Introduced from Tangsi, China, 1908 (Fig. 48). 
Plants stout, erect, bushy, maturing in about 165 days; pubes- 


Fira. 43.—A field of the Biloxi soybean, which requires a long season to mature. 


cence tawny, flowers purple, 85 to 90 days to flower; pods 60 
to 65 mm. long, 8 to 10 mm. wide, 8 to 9 mm. thick; number of 
seeds, 2-3, dark-brown, 10 to 11 mm. long, 7 to 8 mm. wide, 
6 to 7 mm. thick; hilum brown; germ yellow; oil, per cent. 20.1; 
112,000 to bushel. 

Black Beauty——The same as Ebony. 

Black Eyebrow.—Introduced from Wulukai, Manchuria, 1911. 
Plants stout, erect, maturing in about 110 days; pubescence 
tawny; flowers both purple and white, 35 to 40 days to flower; 
pods tawny, 35 to 45 mm. long, 8 to 9 mm. wide, 5 to 6 mm. thick, 
2-3 seeded ; seeded black with brown saddle, 7 to 8 mm. long, 6 to7 
mm. wide, 4 to 5 mm. thick; hilum black; germ yellow; oil 
19.9 per cent.; about 148,000 to bushel. 
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Chestnut.—Selection from Habaro in 1907. Plants stout, 
erect, maturing in about 105 days; pubescence tawny; flowers 
purple, 40 to 45 days to flower; pods brown, 35 to 50 mm. long, 
8 to 9 mm. wide, 6 to 7 mm. thick, 2—3 seeded; seeded russet, 7 to 8 
mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick; hilum russet; germ 
yellow; oil 18.3 per cent; 195,800 to the bushel. 

Chiquita.—Introduced from Hankow, China, 1910. Plants 
under favorable conditions semi-erect with twining terminals, 
maturing in about 135 days; pubescence tawny; flowers both 
purple and white, 65 to 70 days to flower; pods tawny, 35 to 45 
mm. long, 8 to 9 mm. wide, 5 to 6 mm. thick, 2-3 seeded; seed 
straw-yellow, 6 to 7 mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick; 
hilum brown; germ yellow; oil 17.6 per cent.; about 242,000 to the 
bushel. : 

Columbia.—Introduced from Paotingfu, China, 1908. Plants 
stout, erect, maturing in about 125 days; pubescence gray; 
flowers purple and white, 50 to 55 days to flower; pods gray, 40 
to 50 mm. long, 8 to 10 mm. wide, 6 to 7 mm. thick, 2-3 seeded; 
seed green, 7 to 8 mm. long, 5 to 6 mm. wide, 4 to 5 mm. 
thick; hilum tawny; germ green; oil 18.7 per cent.; 200,000 to 
the bushels. 

Early Brown.—Introduced by the Indiana Agricultural Experi- 
ment Station as a probable hybrid of Early Yellow (Ito San) and 
Early Black varieties. Plants stout, erect, maturing in about 
110 days; pubescence tawny; flowers purple, 40 to 45 days to 
flower; pods tawny, 35 to 45 mm. long, 9 to 10 mm. wide, 6 
to 7 mm. thick, 2-3 seeded, shattering little; seed brown, 7 to 8 
mm. long, 6 to 7 mm. wide, 4 to 5 mm. thick; hilum brown; germ 
yellow; oil 17.7 per cent.; about 182,400 to the bushel. 

Easycook.—Introduced from Shantung Province, China. 
Plants stout, erect, maturing in about 125 days; pubescenee gray; 
flowers purple, 50 to 55 days to flower; pods gray, 45 to 55 mm. 
long, 10 to 12 mm. wide, 7 to 8 mm. thick, 2-3 seeded; seed 
straw yellow, 7 to 9 mm. long, 6 to 8 mm. wide, 6 to 7 mm. thick; 
hilum brown; germ yellow; oil 19.3 per cent.; about 162,200 to 
the bushel. 

Ebony.—Introduced from Pingyang, Chosen (Korea), 1901. 
Plant stout, erect, maturing in about 120 days; pubescence 
tawny; flowers purple, 45 to 50 days to flower; pods brown, 
6 to 7 mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick; seeds 
2-3, black, 6 to 7 mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick; 
hilum black; germ yellow; oil 18.4 per cent. ; 194,400 to the bushel. 


VARIETIES 165 


Elton.—Introduced from Khabarovsk, Siberia, 1906. Plants 
stout, erect, maturing in about 110 days; pubescence gray; flowers 
purple, 35 to 40 days to flower; pods gray, 40 to 50 mm. long, 9 
to 10 mm. wide, 6 to 7 mm. thick, 2-3 seeded; seed straw yellow, 
8 to 9 mm. long, 6 to 7 mm. wide, 5 to 6 mm. thick; hilum pale; 
germ yellow; oil 17.4 per cent.; about 130,000 to the bushel. 

Guelph.—Introduced from Japan, 1889. Plants stout, erect, 
maturing in about 115 days; pubescence tawny; flowers purple, 
45 to 50 days to flower; pods brown, 40 to 50 mm. long, 10 to 11 
mm. wide, 6 to 7 mm. thick, 2-3 seeded; seed green, 7 to 8 mm. 
long, 6 to 7 mm. wide, 5 to 6 mm. thick; hilum brown; germ green; 
oil 19.5 per cent.; about 149,000 to the bushel. 

Hoosier.—Introduced from Wiultkai, Manchuria, 1911. 
Plants stout, erect, maturing in about 115 days; pubescence 
tawny; flowers both purple and white, 35 to 40 days to flower; 
pods straw, 40 to 45 mm. long, 8 to 9 mm. wide, 6 to 7 mm. thick, 
2-3 seeded, shattering little; seed straw yellow, 7 to 8 mm. long, 
6 mm. wide, 5 mm. thick; hilum brown; germ yellow; oil 19.3 
per cent.; about 150,700 to the bushel. 

Haberlandt.—Introduced from Pingyang, Korea, 1901. Plants 
stout, erect, bushy, maturing in about 125 days; pubescence 
tawny; flowers both purple and white, 50 to 55 days to flower; 
pods brown, 40 to 50 mm. long, 9 to 10 mm. wide, 6 to 7 mm. 
thick, 2-8 seeded; seed straw yellow, 8 to 9 mm. long, 7 to 8 
mm. wide, 6 to 7 mm. thick; hilum dark brown; germ yellow; oil 
19.4 per cent.; 144,000 to the bushel. 

Hamilton.—Introduced by the Ohio Agricultural Experiment 
Station as Ohio 9035.. Plants stout, erect, maturing in about 
125 days; pubescence tawny; flowers purple, 50 to 55 days to 
flower; pods brown, 45 to 55 mm. long, 10 to 11 mm. wide, 6 to 7 
mm. thick, 2-3 seeded, shattering little; seed brown, 9 to 10 mm. 
long, 7 to 8 mm. wide, 5 to 6 mm. thick; hilum brown; germ 
yellow; oil 19.2 per cent.; 123,800 to the bushel. 

Habaro.—Introduced from Khabarovsk, Siberia, 1906. Plants 
stout, erect, bushy, maturing in about 110 days; pubescence 
gray or tawny; flowers both purple and white, 35 to 45 days to 
flower; pods tawny or gray, 35 to 45 mm. long 9 to 10 mm. wide, 
6 to 7 mm. thick, 2-3 seeded, shattering little; seed straw yellow, 
8 to 9 mm. long, 6 to 7 mm. wide, 5 to 6 mm. thick; hilum brown; 
germ yellow; oil 19.6 per cent. ; 188,200 to the bushel. 

Hahto—Introduced from Wakamatsu, Japan, 1915. Plants 
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stout, erect, bushy, maturing in about 130 days; pubescence 
tawny; flowers purple, 55 to 60 days to flower; pods brown, 
60 to 80 mm. long, 13 to 15 mm. wide, 6 to 7 mm. thick, shatter- 
ing little; seeds 2-3 olive yellow, 10 to 12 mm. long, 8 to 9 mm. 
wide, 5 to 6 mm. thick; hilum black; germ yellow; oil 17.9 per 
cent.; 74,800 to the bushel. 

Hollybrook.—Selection from Mammoth about 1902 by T. W. 
Wood & Sons, Richmond, Va. Plants stout, erect, bushy, 
maturing in about 135 days; pubescence gray; flowers white, 
60 to 65 days to flower; pods light, 35 to 45 mm. long, 9 to 10 mm. 
wide, 6 to 7 mm. thick, 2-3 seeded, shattering little; seed 6to 7mm. 
long, 5 to 6 mm. wide, 5 to 6 mm. thick; hilum light brown; 
germ yellow; oil 18.2 per cent.; 157,400 to the bushel. 

Ito San.—Introduced from Japan, 1890. Plants stout, erect, 
bushy, maturing in 100 to 110 days; pubescence tawny; flowers 
purple; 40 to 45 days to flower; pods tawny, 35 to 45 mm. long, 
9 to 10 mm. wide, 5 to 6 mm. thick, 2-3 seeded, shattering little; 
seed straw yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 4 to 5 mm. 
thick; hilum pale; germ yellow; oil 16.9 per cent.; 198,900 to 
the bushel. : 

Laredo.—Introduced from Yangping, China, 1914. Plants 
slender, erect, maturing in about 140 days; highly resistant to 
wilt and nematode; pubescence tawny; flowers purple and white; 
75 to 80 days to flower; pods 30 to 40 mm. long, 7 to 8 mm. wide, 
3 to 4mm. thick, 2-3 seeded; seed black, 6 to 7mm. long, 4to 5mm. 
wide, 2 to 3 mm. thick; hilum black; germ yellow; oil 14.0 per 
cent.; 466,500 to the bushel. 

Lexington.—Selection from Sherwood, 1907. Plants stout, 
erect, bushy, maturing in about 125 days; pubescence gray; 
flowers both purple and white, 50 to 55 days to flower; pods gray, 
40 to 45 mm. long, 7 to 8 mm. wide, 5 to 6 mm. thick, 2-3 seeded; 
seed olive yellow, 7 to 8 mm. long, 5 to 6 mm. wide, 4 to 5 mm. 
thick; hilum tawny; germ yellow; oil 19.1 per cent.; 215,000 
to the bushel. 

Mammoth Yellow.—Nothing definite is known regarding the 
origin of this variety. Plants stout, erect, bushy, maturing in 
about 145 days; pubescence gray; flowers white; 85 to 90 days 
to flower; pods straw, 35 to 45 mm. long, 9 to 10 mm. wide, 
7 to 8mm. thick, 2-3 seeded; seed straw yellow, 7 to 8 mm. long, 
6 to 7 mm. wide, 5 to 6 mm. thick; hilum tawny; germ yellow; 
oil 18.6 per cent.; 128,700 to the bushel. 
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Mammoth Brown.—Origin of this variety is rather obscure. 
Plants stout, erect, bushy, maturing in about 135 days; pubes- 
cence tawny; flowers purple, 65 to 70 days to flower; pods tawny, 
40 to 50 mm. long, 9 to 11 mm. wide, 6 to 7 mm. thick, 2-3 seeded, 
shattering little; seed russet, 8 to 9 mm. long, 7 to 8 mm. wide, 
5. to 6 mm. thick; hilum russet; germ yellow ; oil 16.5 per cent., 
111,300 to the bushel. 

Manchu.—Introduced from Ninguta, Manchuria, 1913. 
Plants stout, erect, bushy, maturing in about 115 days; pubes- 
cence tawny ; flowers both purple and white, 35 to 40 days to flower; 
pods tawny, 45 to 55 mm. long, 10 to 11 mm. wide, 7 to 8 mm. 
thick, 2-8-4 seeded; seed straw yellow, 8 to 9 mm. long, 6to 7 mm. 
wide, 6 to 7 mm. thick; hilum black; germ yellow; oil 18.9 
per cent.; 141,000 to the a 

M Sonn —Introduced from Pehtuan lintza, Manchuria, 
1911. Plants stout, erect, bushy, maturing in about 100 days; 
pubescence gray; flowers purple, 35 to 40 days to flower; pods 
gray, 40 to 50 mm. long, 9 to 10 mm. wide, 7 to 8 mm. thick, 
2-3 seeded; seed straw yellow, 7 to 8 mm. long, 6to7 mm. wide, 5 
to 6 mm. thick; hilum pale; germ yellow; oil 19.8 per cent., 174,700 
to the bushel. 

Medium Early Green.—The same as Guelph. 

Medium Early Yellow.—The same as Ito San. 

Medium Green.—The same as Guelph. 

Medium Yellow.—The same as Midwest. 

Merko.—Introduced from Merkoechofka, Siberia, 1906. 
Plants stout, erect, bushy, maturing in about 120 days; pubes- 
cence tawny and grey; flowers both purple and white, 40 to 45 
days to flower; pods tawny, 35 to 45 mm. long, 8 to 9 mm. wide, 
5 to 6 mm. thick, 2-3 seeded; seed olive brown, 8 to 9 mm. long, 
5 to 6 mm. wide, 4 to 5 mm. thick; hilum olive; germ yellow; 
oil 16.4 per cent.; 294,600 to the bushel. 

Minsoy.—Selection by the Minnesota Agricultural Experiment 
Station. Plants slender, erect, maturing in about 100 days; 
pubescence tawny; flowers purple, 30 to 35 days to flower; pods 
tawny, 35 to 45 mm. long, 7 to 9 mm. wide, 6 to 7 mm. thick, 
2-3 seeded; seed straw yellow, 6 to 7 mm. long, 5 to 6 mm. 
wide, 4 to 5 mm. thick; hilum cinnamon brown; germ yellow; oil 
16.3 per cent.; 221,700 to the bushel. 

Midwest—Introduced from Central China, about 1901. Ap- 
pears identical with Medium Yellow, Roosevelt, Banner and 
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Northern Hollybrook. Plants stout, erect, bushy, maturing 
in about 115 days; pubescence tawny; flowers purple, 45 to 50 
days to flower; pods tawny, 35 to 45 mm. long, 8 to 9 mm. wide, 
5 to 6 mm. thick, 2-3 seeded; seed straw yellow, 6 to 7 mm. long, 
5 to 6 mm. wide, 4 to 5 mm. thick; hilum tawny to cinnamon ~ 
brown; germ yellow; oil 15.4 per cent. ; 243,000 to the bushel. 

Mikado.—Selection from Mongol by A. A. Parsons, Plainfield, 
Ind. in 1905. Plants stout, erect, bushy, maturing in about 
120 days; pubescence tawny; flowers purple, 45 to 50 days 
to flower; pods tawny, 35 to 45 mm. long, 8 to 9 mm. wide, 6 
to 7 mm. thick, 2-3 seeded; seed straw yellow, 7 to 8 mm. long, 
6 to 7 mm. wide, 6 to 7 mm. thick; hilum cinnamon brown; germ 
yellow; oil 18.2 per cent.; 185,200 to the bushel. 

Mongol.—The same as Midwest. 

Morse.—Introduced from Newchwang, Manchuria, 1906. 
Plants stout, erect, bushy, maturing in about 130 days; pubes- 
cence gray; flowers both purple and white, 50 to 55 days to flower; 
pods gray, 35 to 45 mm. long, 8 to 9 mm. wide 6 to 7 mm. thick; 
2-3 seeded, shattering little; seed olive yellow, 7 to 8 mm. long, 
7 to 8 mm. wide, 5 to 6 mm. thick; hilum tawny; germ yellow; 
oil 18.1 per cent.; 149,700 to the bushel. 

Ogemaw.—Introduced by E. E. Evans, West Branch, Mich., 
1902 as a supposed cross between the Early Black and Dwarf 
Brown varieties. Plants stout, erect, bushy, maturing in about 
85 days; pubescence tawny; flowers white, 30 to 35 days to flower; 
pods brown 40 to 50 mm. long, 9 to 10 mm. wide, 6 to 7 mm. 
thick, 2-3 seeded; seed chocolate, 8to9 mm. long, 6to 7 mm. wide, 
5 to 6 mm. thick; hilum chocolate; germ yellow; oil 17.5 per cent.; 
about 188,000 to the bushel. 

Otootan.—Introduced from the Hawaiian Islands in 1911 by 
Prof. C. K. McClelland. Seed originally from Formosa. Plants 
slender, erect, bushy, maturing in about 170 days; pubescence 
tawny; flowers purple, 90 to 95 days to flower; pods tawny, 
35 to 45 mm. long, 7 to 8 mm. wide, 4to5mm. thick, 2-3 seeded; 
seed black, 6 to 7 mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick; 
hilum black; germ yellow; oil 17.7 per cent.; 368,600 to the bushel. 

Peking.—Selection from 8.P.I. 17852 Peking, China, 1907. 
Plants slender, erect, bushy, maturing in about 120 days; 
pubescence tawny; flowers white, 50 to 55 days to flower; 
pods tawny, 40 to 50 mm. long, 8 to 9 mm. wide, 4 to 5 mm. 
thick, seeds 2-3, black 7 to 8 mm. long, 5 to 6 mm. wide, 3 to 
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4 mm. thick; hilum black; germ yellow; oil 16.0 per cent. ; 383,300 
to the bushel. 

Pinpu.—Introduced from Harbin, Manchuria, 1910. Plants 
stout, erect, bushy, maturing in about 105 days; pubescence 
gray; flowers purple, 35 to 40 days to flower; pods gray, 45 to 
50 mm. long, 7 to 8 mm. wide, 7 to 8 mm. thick, 2-3 seeded; seed 
straw yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 6 to 7 mm. thick; 
hilum tawny; germ yellow; oil 18.4 per cent.; 160,300 to the 
bushel. 

Sable-——Same as Peking. 

Tarheel Black.—Introduced from Shanghai, China, 1905. 
Plants stout, erect, maturing in about 140 days; pubescence 
tawny, flowers purple and white, 70 to 75 days to flower; pods 
brown 45 to 55 mm. long, 9 to 10 mm. wide, 6 to 7 mm. thick, 
2-3 seeded, shattering little; seed black, 9 to 10 mm. long, 7 to 8 
mm. wide, 6 to 7 mm. thick; hilum black; germ green and yellow; 
oil 18.6 per cent.; about 163,200 to the bushel. Originally 
named ‘‘ Shanghai.” 

Tokio.—Introduced from Tokio, Japan, 1901. Plants stout, 
erect, maturing in about 145 days; pubescence gray; flowers both 
purple and white, 70 to 75 days to flower; pods gray, 40 to 50 
mm. long, 10 to 12 mm. wide, 6to 7 mm. thick, 2-3 seeded, shatter- 
ing little; seed olive yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 5 
to 6 mm. thick; hilum pale; germ yellow; oil 18.4 per cent.; 
about 134,400 to the bushel. 

Virginia.—Selection from the Morse, 1907 (Fig. 44). Plants 
slender, erect; the tips twining, maturing in about 125 days; 
pubescence tawny; flowers purple, 50 to 55 days to flower; 
pods tawny, 40 to 50 mm. long, 8 to 9 mm. wide, 5 to 6 mm. 
thick, 2-3 seeded; seed olive, 8 to 9 mm. long, 5 to 6 mm. 
wide, 4 to 5 mm. thick, hilum olive; germ yellow; oil 17.9 per 
cent.; about 207,300 to the bushel. 

Wilson.—Introduced from Newchwang, Manchuria, 1906. 
Plants slender, erect, maturing in about 120 days; pubescence 
gray and tawny; flowers both purple and white, 50 to 55 days to 
flower; pods brown, 40 to 50 mm. long, 8 to 9 mm. wide, 5 to 6 
mm. thick, 2-3 seeded; seed black, 7 to9 mm. long, 6 to 7 mm. wide, 
4 to 5 mm. thick; hilum black; germ green and yellow; oil 18.4 
per cent.; 144,000 to the bushel. 

Wilson-Five.—Selection from Wilson, 1912. Plants slender, 
erect, maturing in about 120 days; pubescence gray; flowers 
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white, 50 to 55 days to flower; pods gray, 50 to 55 mm. long, 8 
to 9 mm. wide, 4 to 5 mm. thick, 2-3 seeded; seed black, 7 to 8 mm. 
long, 5 to 6mm. wide, 3 to4 mm. thick; hilum black; germ yellow; 
oil 15.2 per cent.; about 301,400 to the bushel. 

Wisconsin Black—A_ selection developed from an Early 
Black variety by the Wisconsin Agric. Exper. Sta. Plants 
stout, erect, maturing in about 100 days; pubescence tawny; 
flowers purple, 30 to 35 days to flower; pods brown, 40 to 50 
mim. long, 8 to 10 mm. wide, 6 to 7 mm. thick, 2-3 seed; seed 


Fie. 44.—A field of the Virginia variety of soybeans. 


black; 8 to 9 mm. long, 5 to 6 mm. wide, 4 to 5 mm. thick, hilum 
black; germ yellow; oil 17.7 per cent.; about 185,200 to the bushel. 

Wea.—Introduced from Shuangchengpu, Manchuria, 1911. 
Plants stout, erect, maturing in about 110 days; pubescence 
gray; flowers purple, 35 to 40 days to flower; pods gray, 40 to 
45 mm. long, 7 to 8 mm. wide, 6 to 7 mm. thick, 2-8 seed; seed 
straw yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 5 to 6 mm. 
thick; hilum dark olive; germ yellow; oil 19.6 per cent.; about 
194,880 to the bushel. 

Y okotenn.—Introduced from Yokohama, Japan, 1907. Plants 
stout, erect, maturing in about 120 days; pubescence gray; 
flowers both purple and white, 50 to 55 days to flower; pods gray, 40 
to 50 mm. long, 10 to 11 mm. wide, 6 to 7 mm. thick, 2-3 seed; 
seed straw yellow, 7 to 8 mm. long, 6 to 7 mm. wide, 5 to 6 mm. 
thick; hilum cinnamon brown; germ yellow; oil 19.9 per cent.; 
about 70,000 to the bushel. 
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KEY FOR THE IDENTIFICATION OF VARIETIES 
I. Yellow Group 
Seeds Straw Yellow 


Hilum pale 
Seed 4-5 mm. thick............. A. K. 
Seed 5-6 mm. thick 
seed 7-8 mm. long.......... Ito San 
Seed 8-9 mm. long.......... Aksarben 
Seed 9-10 mm. long......... Elton 
Seed 6-7 mm. thick............ Mandarin 
Hilum tawny 
Seed 6-7 mm. long.............. Hollybrook 


Seed 7-8 mm. long 
Hilum less than 1 mm. wide... .Pinpu 
Hilum more than 1 mm. wide. .Mammoth 
Hilum cinnamon brown 
Seed 4-5 mm. thick 


Seed 6-7 mm. long............ Minnsoy 
Seed 7-8 mm. long............ Chiquita 
Seed 5-6 mm. thick..............Hoosier 
Seed 6-7 mm. thick 
Seed G1 mim. jong... 2.5%... ..: Mikado 
Seed 7-8 mm. long 
Hilum 3 mm. long...........Yokotenn 
Hilum 4 mm. long...........Hasycook 
Hilum tawny to cinnamon brown... . Midwest 
WPMD Te OVE ok ee PP sek ae Wea 
Hilum dusky brown 
Seed 5-6 mm. thick..............Habaro 
Seed 6-7 mm. thick..............Haberlandt 
EGLO Ee) 1 RN ec ee a Manchu 
Seeds Olive Yellow 
HUET ETL yg Si aa ar a ear aaa Tokio 
Hilum tawny 
Seed 6-7 mm long.............. Lexington 
Seed _7-8mm. ldng.............. Morse 
PIM LCI Nee leh Hekig 6 Gonialb « Hahto 


II. Green Group 
Seeds Chromium Green 
Seed 6-7 mm. long...........:.. Columbia 
oleate esc ae) 60 a (0) 5) Guelph 
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Ill. Brown Group 
Seeds Olive 


Seed 6-7 mm. long..........:...Barchet 
Seed 8-9 mm. long 
Seed 4—5 mm. thick............ Virginia 
Seed 5-6 mm. thick............Merko 
Seeds Russet 
Seed 6-7 mm. thick..............Chestnut 
Seed 7-8 mm. thick.............. Mammoth Brown 
Seeds Auburn 
peed 7-8 mm. long....2..272,.:- Early Brown 
Seed 8-9 mm. long.............. Hamilton 
Seeds Chocolate. 
peed S-Oimmy. lotig: 22.2251. 26 a0: Ogemaw 
Seed 10-11 mm. long:........... Biloxi 
IV. Black Group 
Seed 2-3 mm. thick..............Laredo 
Seed 3-4 mm. thick 
Seed 4—5 mm. wide............ Peking 
Seed 5-6 mm. wide............ Wilson-Five 
Seed 4-5 mm. thick 
Seed 6-7 mm. long............ Ebony 
Seed 8-9 mm. long............ Wisconsin Black 
Seed 5-6 mm. thick 
Seed 6-7 mm. long............ tootan 
Seed 8-9 mm. long. ......2.... Tarheel Black 


V. Bicolored Group. 


Seeds Black and Brown 


Black with brown saddle....... Black Eyebrow 
Black and brown in concentric 
DEDUS Sows, tetera Meyer 


Seeds Black and Olive Yellow 
Black with olive yellow saddle. .Taha 


Breeding and Improvement.—The soybean lends itself readily 
to improvement. Considerable breeding work has been carried 
on by the United States Department of Agriculture and by the 
State Experiment Stations. Very little work along this line 
seems to have been done in Oriental countries. Recently in 
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Manchuria something has been done toward the improvement 
of varieties and the establishing of pure strains. Terao (1918) 
has studied the behavior of artificial hybrids in Japan. 
Although the Orient abounds with varieties, it is evident that they 
are the results of natural crossing and selection. 

The testing of the progeny of individual plants in the United 
States has shown decided differences in yield of forage and seed, 
in tendency to shatter, in habits of growth, in maturity, and in 
oil and protein content. Several new varieties (Virginia, Peking, 
Chestnut, Hamilton, Wisconsin Black) have been introduced 
into the seed trade of the United States as a result of selection 
work. Some of these sorts originated from natural hybridiza- 
tion and a few are almost certainly mutations or sports. Valuable 
new sorts of the soybean will doubtless be secured through 
artificial hybridization and selection. 

Layosa (1918) has carried on the breeding work with soybeans 
begun by Maceda in the Philippines to determine their commer- 
cial value and to ascertain those sorts best suited for the rainy 
and for the dry seasons, respectively. It was found that selec- 

. tions from Kedilcie Wit grown during the rainy season and strains 
from Ami grown during the dry season produced the highest 
yields. Seed obtained from a rainy season culture of Kedilcie 
Wit and grown during the dry season resulted in a lower yield 
than that obtained during the rainy season. Morona Maceda 

(1919) conducted a series of experiments with the soybean along 
the following lines: (1) The multiplication of strains selected 
- by Layosa and the running of “plant to row” tests of the most 
productive individuals or elites of each strain; (2) the isolation 
of strains that can be recommended for the rainy or dry season 
under local conditions; and (3) the comparison of the yield of 
selected strains with that of unselected plants. Each of the 
strains selected by Layosa gave higher yields in beans than their 
respective parents. With two exceptions all selected strains 
gave higher yields than the common stock. The gain in per- 
centages of the yield of the selected strains over the common sort 
ranged in multiplication plantings from 18 per cent. to 79 
per cent. 

Pollination.—The soybean is normally a self-pollinated plant. 
The flowers are completely self-fertile, as bagged or screened 
plants set pods and seeds as perfectly as in the open. This 
proved true of 30 plants representing ten varieties thus tested at 
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Arlington Experimental Farm, Va., in 1909. Similar experi- 
ments carried on by Woodhouse and Taylor (1913) in India gave 
identical results. 

The flowers are much visited by bees, mainly for pollen, as but 
a very small amount of nectar is secreted. Cross-pollination 
would be of frequent occurrence were it not for the fact that the 
abundant pollen of each flower covers the stigma about as soon 
as the flower opens. Under Arlington Farm, Virginia, conditions 
in tests where rows of different varieties are contiguous so that 
full opportunity is afforded for natural cross-pollination, it is 
only in occasional seasons that as much as 1 per cent. of the seeds 
show evidence of crossing. In general, it has been assumed that 
1 or 2 per cent. of natural cross pollination occurs in soybeans. 
Experiments by L. J. Cole (1919) indicate that it is much less 
frequent in Wisconsin. Pure line strains with distinctive 
characters were planted alternately in the same row, and of over 
6,500 pods examined, only three showed evidence of cross. 

Mutations.—The origin of new varieties of soybeans without 
hybridization has apparently occurred in certain cases that have 
come under observation. From a theoretical standpoint there 
can be no doubt that the fundamental diversity in a plant, 
especially when normally selfpollinated, is brought about by 
other causes than hybridization. It is self-evident that there 
must be two varieties to cross before crossing can become effective 
in producing new varieties. Most soybean varieties when pure, 
remain very constant to type, so that any chance variation is 
quickly detected. There are two cases in which the evidence is 
fairly satisfactory that a brown-seeded variety arose as a mutation 
from a yellow seeded sort. 

The Trenton is a brown-seeded variety found in a field of the 
yellow-seeded Mammoth grown in Kentucky. Grown side by 
side at the Arlington Experimental Farm, the two sorts were 
indistinguishable by any other character than the seed color. The 
Riceland variety has been grown at the Arlington Experimental 
Farm for several seasons, and while it matures few seeds, it is 
very uniform. At Biloxi, Miss., in 1908 it displayed astonishing 
diversity. Some plants had very narrow leaves, others very 
broad, and all degrees of intermediates occurred; some plants 
were erect, others procumbent; some fruited heavily, others 
scarcely at all. The seed was saved from individual plants 
showing the most striking variations, and the resultant plants 
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of each in 1909 were uniform. It is possible that the seed planted 
at Biloxi contained these forms, but the fact that the same bulk 
seed gave uniform plants elsewhere, indicates that the diversity 
was a response to the environment. No similar phenomenon 
has as yet been witnessed in other varieties. 

Natural Hybridization—Previous to 1907, the remarkable 
uniformity of the commonly cultivated varieties of soybeans 
had led to the belief that natural hybridization in the soybean did 
not occur. This was apparently confirmed by the uniformity of 
plots of many varieties planted side by side during several 


Fic. 45.—Seeds of a natural soybean hybrid showing peculiar types of coloration. 


successive seasons at Arlington Experimental Farm, Va. In 
1907, however, there were noted in the yield from several plots 
and rows, certain oddly-colored seeds, such as smoky-yellow, 
smoky-green, brown and yellow, etc. ‘These seeds were saved 
and the resultant row of each in 1908 gave diverse progeny, 
showing that some of the seeds were hybrid and heterozygous. 
In 1908 more than 100 single plant selections of supposed hybrids 
were made and planted in separate rows in 1909. The resultant 
data showed that most of these broke up in simple Mendelian 
proportions, thus confirming the suspicion that they were in 
reality hybrids. 
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I8258C = 172782 


Fic. 46.—Pods of soybeans: No. 19985 L, hairy and smooth from one 
heterozygote individual; No. 18258 C and No. 17278, smooth pods from 
heterozygote plants. 


Fia. 47.—A sterile soybean plant obtained from a natural hybrid. 
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Natural hybrids are rather easily detected by the peculiar 
coloration of the seeds (Fig. 45). Among the more striking 
colors are yellow or green with a single narrow transverse band of 
brown or black; yellow or green with an irregularly star-shaped 
figure centering at the hilum; and green or yellow more or less 
suffused with a smoky color beginning at the hilum and extending 
over half or more of the seed, or mainly centered about the hilum. 
Some of the last breed true but most of them do not. The other 
colors give a diverse progeny as to seed color, none of them like 
those of the parent plant, which is therefore heterozygous. The 
heterozygous plants, with seeds wholly or mainly yellow, are 
often distinguished by the unusual form of the pods near the 
tips of the branches (Fig. 46). Such pods are more tumid and 
the seeds more crowded. Often these pods are thinner-walled 
and much less hairy, sometimes nearly smooth. Very often 
sterile plants were found to occur in the different hybrid selections 
(Fig. 47). 


Fic. 48.—Flower of the soybean enlarged. 1. Front view. 2. Side view. 
3. Parts of the corolla; a, standard; 6, wing; c, one of the keel petals. 
4. Stamens. | 5. Pistil. 


Artificial Hybridization.—Since 1909 numerous artificial crosses 
have been made between varieties of soybeans, The work of 
crossing is rather difficult owing to the very small flower and the 
ease with which it is injured. Under field conditions successful 
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crossings have been made in about 20 per cent. of the operations. 
In the greenhouse, where it is difficult to secure normal behavior 
in the soybean plant in winter, no success has thus far attended 
efforts to produce hybrids. 

Experience has shown that the emasculation must be per- 
formed before the soybean flower (Fig. 48) has fully opened. All 
of the flower buds are removed from the raceme except three 
or four, of which the purple or white of the corolla appears above 
the calyx. At this stage, the anthers of which there are ten 
surrounding the stigma, are immature and may be easily removed 
with tweezers without bursting the sacs. The corolla is readily 
removed by grasping the tip with the tweezers, slightly turning 
and pulling it. The removal of the whole corolla in this manner 
exposes the anthers and greatly facilitates their removal. After 
emasculation, pollen may be applied at once with a brush or a 
toothpick. In collecting the pollen for crossing, it is advisable 
to select flowers just before they open. After the pollen has 
been applied, the raceme should be enclosed in a small mosquito 
netting bag and tied so as to exclude the visits of insects. It is 
well to apply pollen again the following day. 

Genetic Behavior.—Considerable data have been collected in 
the behavior of selections from natural and artificial hybrids. 
In presenting the most important features of this work, the 
results are taken up under the various plant characters. 


TasLtE LXXV.—BeEnHAvIOR oF FLowER CoLor In Naturat Hysrips 


Purple-flowered plants White-flowered plants 
Progeny Progeny 
Selection Selection 
number number 
Purple White White Purple 
1 186 50 1 239 6 
2 85 24 2 120 35 
3 79 27 3 332 1 
4 122 40 4 120 2 
5 103 37 5 53 1 
6 32 10 6 59 1 
i 65 25 7 126 1 
8 61 26 8 143 2 
9 82 19 9 8 1 
10 28 11 10 
Potala 843 269 Wee 1,200 50 
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Flower Color—The color of flower is quite often the only 
distinguishing character between plants. In a large proportion 
of the varieties experimented with, both purple-flowered and 
white-flowered strains occurred in the same variety, or in other 
words the variety was not pure. It was found that purple- 
flowered plants predominated in nearly all instances. Of 90 
purple-flowered plant selections in 1912, 68, or 75 per cent. bred 
true, that is, gave purple-flowered progeny. With 33 white- 
flowered plant selections, 25, or 69 per cent. gave white-flowered 
progeny. Table LXXV shows the results obtained with 10 
purple-flowered plants and 10 white-flowered plants of hybrid 
origin. 

In artificial hybridization the flower color has been found to 
separate according to simple Mendelian ratio, the purple flowers 
being dominant. 

Pubescence.—No marked degree of difference in the amount of 
pubescence has been noted with the numerous varieties of soy- 
beans, with the exception of a variety received from Japan. 
This variety has very little pubescence and is the nearest approach 
to a smooth variety (see Fig. 39). In the breeding work it has 
been noted both in natural and artificial hybrids that the 
heterozygous plants bear nearly smooth pods at the ends of the 


Taste LX XVI.—BEHAVIOR OF PUBESCENCE CoLoRs IN Natural Hysrips 


Tawny pubescent selections Gray pubescent selections 
Progeny Progeny 
Selection Selection 
number number | 
Tawny Gray Tawny Gray 
1 180 56 ti 49 1 
2 90 16 2 160 2 
3 17 6 3 127 3 
4 207 58 q 324 9 
5 164 54 5 130 1 
6 80 28 6 75 1 
if 26 16 if 53 1 
8 87 35 8 143 2 
9 47 10 9 37 14 
10 88 32 10 217 1 
seyball nies aye 986 311 Foe 1,315 36 
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main stem and branches. With some of these plants branches 
occur which have nearly all smooth pods. 

In 1912, of 81 plants selected with tawny pubescence, 62 or 
75 per cent. bred true and of 37 plants with gray pubescence, 24 
or 66 per cent. bred true. Table LXXVI gives the results 
obtained with 10 plant selections with tawny pubescence and 10 
plants with gray pubescence. 

With artificial hybrids, the colors of pubescence have behaved 
the same as with natural hybrids. The hybridization of the 
nearly smooth variety (a very slight amount of gray pubescence) 
with the Guelph or Medium Green, a very pubescent sort, gave 
results showing amount of pubescence to be a character behaving 
much the same as color character. Selection of nearly smooth 
forms in continued generations has given pure, nearly smooth 
podded plants, having all characteristics of the Guelph (green 
seeded) except the near-smoothness of the Japan sort (yellow 
seeded). 

The following table gives the results obtained with some of the 
plants selected in the first generation. 


Taste LX XVII.—Bernavior or AMOUNT AND CoLors OF PUBESCENCE 
IN AN ARTIFICIAL HyBRID 


Amount and color of pubescence 


| 
Hybrid number | Much | Medium | Nearly smooth 


Tawny| Gray | Total | Tawny| Gray | Total Total 
| | | 

5696-2 42 40 82 Le 1287 e127, 2 
5696-4 17 es: 17 40 | 40 15 
5696-8 10 28 38 15 
5699-4 19 39 58 = 45 18 
5699-5 42 1G 113 Se ee| ae eS 8 15 
5699-7 46 a 46 ms 94 94 33 
5700-2 26 96 | 122 | A es 43 
5696-12 4 3 | 7 | 64 | 64 | at 


Color of Pods.—The color of the pods has been studied especi- 
ally with the progeny of the cross between the near-smooth from 
Japan and the Guelph. The Guelph has very dark brown pods, 
approaching black, while the other variety has light or straw- 
colored pods. The following table shows the manner in which 
these colors behaved in the progeny. 
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Taste LXXVIII.—Bernavior or tHE Conor or Pops In NatuRAL 


Hysrips 
Color of pods 
Selection number 
Dark Light 
5700-2 99 26 
5700-5 ral 33 
5699-2 70 15 
5699-1 141 37 
5696-4 17 55 
5696-3 27 9 


Color of Seeds.—Individual selections of natural hybrids have 
given rather interesting results in the breaking up of the various 
seed colors and peculiar types of coloration (Fig. 49). Those 


Fie. 49.—Seeds of an artificial soybean hybrid, showing peculiar types of 
coloration. 


selections with a single seed color as straw yellow, olive yellow, 
black or brown, break up in simple Mendelian proportions, while 
those selections with more than one color present a different 
ratio in the progeny. It is quite evident that the selections 
made were first generation hybrids. Table LX XIX gives the 
results obtained with natural hybrids representing different seed 
colors. 
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The progeny of artificial hybrids has been found to be diverse in 
the same manner as that of the selected natural hybrids and 
to yield seeds showing peculiar markings (Fig. 46). The results 
obtained with numerous crosses have been similar to those of 
Terao (1918). Table LXXX shows the results obtained 
with a few crosses by the junior author and by Terao. 


Taste LXXX.—Soysean Crosses IN THE Stupy or SeEp CoLor 


Cross No.! SE Ne Nas Cross No. 42 
Color Color 
Color of seed of of Color of seed 
seed seed ; 
Parents 
Henin mani, See Black Green | Green | Yellow 
Minle on 2 2 cae oisees. Brown Yellow | Yellow | Green 
Di OIBI is cee oo ee sc Black Green | Green | Green 
ES OL ET eee ier abe areata Black | Brown | Green | Green | Green | Yellow 
iINo@ot- plants: .26. see 1170 62 825 288 
ih (74.1%| 25.9%) 


Terao has proved in crossing experiments the inheritance of the 
seed coats to be maternal as shown in the above table. The 
inheritance of the seed coat colors was found more complicated 
than that of the color of cotyledon of which also a study was 
made. In the cross, green seed-coat (9) X ‘‘ yellow seed-coat”’ 
(7), the green seed-coat is inherited through the female parent 
exclusively but in the reciprocal cross the green and yellow 
seed-coats show Mendelian segregation, the former being domi- 
nant. With a cross between Guelph or Medium Green (9) 
and a yellow seeded sort (co) similar results were obtained, 
the seed coat being green through several generations. 

Color of Cotyledons——The behavior of the green and yellow 
cotyledons in natural and artificial hybrids has given some very 
interesting results. In the fall of 1909 it was noted in the 
hybrid selections work that with many straw-to-olive yellow 
seeded plants, seeds with green cotyledons and seeds with yellow 
cotyledons occurred on the same plant and sometimes in the same 
pod. The results obtained from planting several individual 
plant selections are shown in the following table. 


1 Crosses made by junior author. 
2 Crosses made by Terao. 
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Taste LXXXI.—BeEnHAvVIOR oF CoTyLEDoNS IN Naturat Hyprip 


SELECTIONS 
Color of cotyledons 
Plant selection Parent Progeny 

number 

Green, Yellow, Green and 

number of number of yellow, num- 

plants plants ber of plants 
3390 Yellow and green i 18 27 
3542 Yellow and green 4 8 22 
5522-1 Yellow te 54 
5522-2 Yellow and green 22 23 24 
5522-4 Yellow and green ae 39 55 
5522-5 Yellow and green 19 22 36 
5522-6 Yellow and green 14 17 20 
§522-7 Yellow 15 12 27 
5522-11 Yellow and green 17 19 25 
5522-12 Yellow and green 8 16 24 
5522-13 Yellow and green 10 16 29 
5522-14 Yellow and green 28 49 68 


Terao (1918) in a number of crosses has proved that the inheri- 
tance of green and yellow cotyledons to be maternal. It was 
found that the Ff, cotyledons of the crosses reciprocal to each 
other are of the same character as the female parent. In respect 
to the cotyledon colors, the F2 and following generations show 
the characters of the F; generations exclusively, instead of a 
Mendelian segregation between the yellow and green colors. 
It is concluded that characters are being dealt with which can be 
inherited only through the female parents as shown in Table 
LXXXII. In a further discussion of these characters, it is 
stated that the F, families of the crosses were actually composed 
of two kinds of individuals which were distinguishable from each 
other by a slight difference of the intensity of the green color 
in the seed coats, and the numerical relation between these two 
kinds of individuals was approximately the Mendelian mono- 
hybridal segregation ratio. By using individuals from previous 
experiments representing different intensities of seed-coat 
color as the parents, phenomena different from crosses 1, 2 and 3 
were obtained. Results obtained by the junior author and by 
Terao with artificial hybrids are shown in detailin Table LX X XII. 
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TasLte LXXXII.—Benavior or CoryLepons In SoyBEAN CrossEs 


eth Ment at te asa Galt a a | ee 
Cross Cross Cross Cross 
No, 21 No. 21 No. 31 No. 52 
Parents: 
(Bier Ql ele eve aii cheeks oR ee Green Yellow | Yellow | Green 
LIT ce ela Dy ote koe oe Mie ere ea Yellow | Green Yellow | Yellow 
EMDUATUUR n Ps istk geestane wont ot oo en | Green Yellow | Yellow | Green 
Nomber plants een. cee. ee 24 40 5 
in eae. ee ello Pets ag: ee aah em. ae | Green Yellow | Yellow | Green 
Number plants...................| constant] constant] constant} constant 
Ee ee eS eee eee ee eee ee ee 


Oil Content.—In pure line selection work with soybeans for 
high and low percentage of oil and high and low iodine number as 
a measure of the relative value of the oil for use in paint manu- 
facture, results obtained at the Wisconsin Experiment Station 
failed to lead to the development of strains having consistently 
high and low oil percentages. In 1918, L. J. Cole (1919) found 
the average iodine number of 56 plants in the high-selection 
line to be 136.6 and that of 43 plants in the low-selection line 
125.1, the first appearance of a distinct difference between the 
two lines. E. M. Nelson found that the amount and the iodine 
number of the oil in the leaves of soybean plants was also subject 
to considerable variation, the amount of ether extract ranging 
from 3.7 to 6 per cent. Analyses of soybean selections from the 
seventh year’s work at this station (1919-20) for increased oil 
content showed a high-line strain and a low-line strain, with 
iodine indices of 132 and 124, respectively, indicating the effect 
of selection. The low-line strain was entirely of a dwarf type, 
while the high strain consistently produced both tall and dwarf 
types, pointing to a definite relation between plant height and 
quality of oil. A high-producing strain as well as a low- 
producing strain has been isolated. 

The breeding work for oil content was abandoned when it was 
discovered that the environment under which the beans were 
grown made the oil content variable. 

Selection work with the Mammoth Yellow variety for increased 
oil content has been carried on by the North Carolina Experi- 
ment Station’ since 1916. The oil content on a dry basis of the 

1 Crosses made by Terao. 


2 Crosses made by junior author. 
’ Data furnished by Dr. R. Y. Winters in charge of the work. 
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progeny of selections made in 1916 ranged between 13.63 per 
cent. and 22.86 per cent. in 1917. The protein contents of these 
plants were respectively 47.41 per cent. and 37.38 per cent., the 
. protein decreasing as the fat increased. The yield per acre 
ranged from 15 to 35 bu. In 1918 larger plots were planted 
in two series, all of the strains being included. From composite 
samples of each of these strains the oil content ranged from 16.11 
to 18.78 per cent. In 1919 the range from the same strains was 
17.02 to 19.17 per cent. The highest yielding strains regardless 
of the oil content, and the strains giving the largest oil content 
were retained. The results of the work with the number of 
strains under test led to the conclusion that the greatest quantity 
of oil per acre is secured from the highest yielding strains rather 
than from the high oil strains. However, it was felt that with a 
larger number of oil determinations high oil content in high 
yielding strains might be obtained. 

The Agricultural Experiment Station of the South Manchuria 
Railway at Szupingkai, Manchuria, has conducted experiments 
with high oil yielding strains for several years. Two strains 
containing more than 20 per cent. oil, and being uniform in 
shape and size have become widely distributed in Manchuria. 
These strains are said to yield 15 to 20 per cent. greater crops 
than varieties generally grown. When a strain has been thor- 
oughly tested out and its value established, the station places 
all of the seed with a grower and requires that he grow no other 
variety. The entire crop is purchased by the station and the 
seed distributed to more growers that agree to grow only the one 
variety. The seed then is placed in general distribution at a 
moderate price. 


CHAPTER X 
STRUCTURE OF SOYBEAN SEEDS 


The structure of the soybean seed has been thoroughly 
examined by several botanists. The various tissues composing 
the seeds are much like those of other beans, but the oil con- 
taining cells are peculiar. There are differences enough, how- 
ever, in the cellular structures so that it is relatively easy to 
detect adulteration of soybean meal. 

The Structure of the Soybean Seed.—The microscopic struc- 
ture of the soybean has been examined by several investigators, 
notably Harz (1885), Kondo (1913), and 
Wallis (1913). The gross structure of aa 
the seed is much like that of related p49 % 
plants. 

The Seed Coat.—The seed coat is M-\ 
smooth, often shiny, rather firm in tex- Waxes 
ture, and closely enveloping the embryo. 
The hilum or seed scar is linear-elliptical 
in shape and nearly flat (Fig. 50). At 
one end is a small linear grove marking 
the chalaza, R. or point where the seed yg. 50.—Soybean seed. 
coat was joined to the body of the ovule. 1, II. A yellow variety from 
At the other end of the hilum is the sb ue tite ee 
micropyle, M. a minute orifice in the otal speddnt Ci out- 
seed coat, through which the primary through the testa. pee 
root of the young seedling emerges in Kondo.) 
germination. In many varieties of soybean the outlines of the 
hypocotyl, W. may be seen through the seed coat. 

Microscopic Structure of the Seed Coat —The cellular structure 
of the seed coat or spermoderm is shown in the accompanying 
illustration (Fig. 51). The seed coat consists of four layers of 
cells, namely the palisade cells, P, the hour-glass or column cells, 
Sz, the spongy parenchyma Sp, and the aleurone layer A. 

The palisade cells are about equal in size, 40 to 60 microns long 
and one-third to one-fourth as muchin diameter. The outer walls 
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have a definite cuticular layer, C. In cross section the walls are 
seen to be thick and with 5 to 7 radiating lines to each cell. The 
cell walls are always colorless, but in green, brown, or black 
varieties, the corresponding color is found in the lumen or cavity 
of each palisade cell. 

The hour-glass or column cells form the second layer of the 
seed coat. The cells are shaped like hour-glasses, each end being 


Fig. 51.—Cross-section of the testa of a yellow soybean. II. Horizontal 
section of same. C, cuticle; L, light-line; P, palisade cells; Sz, hour-glass cells; 
sp, spongy parenchyma. A, aleurone layer. (After Kondo.) 


hexagonal. Owing to the form of the cells there are large inter- 
cellular spaces in this layer. The hour-glass cells are a little 
longer than the palisade cells, varying from 30 to 70 microns. 
Both the cells and the intercellular spaces are empty. The hour- 
glass cells separate readily and by their characteristic form and 
size furnish one means of identifying soybean meal. 

The spongy parenchyma consists of 6 to 8 layers of thin-walled, 
somewhat compressed, box-like, empty cells, ranging in width 
from 20 to 120 but mostly 40 to 60 microns. 
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The aleurone layer consists of a single series of moderately 
thick-walled cells with dense protein (aleurone) contents. In a 
tangential section the aleurone cells are seen to be rectangular or 
polygonal. Beneath this layer of cells are others which are 
nearly obliterated by compression and appear like obscure fibers. 
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Fie. 52.—Cross-section of hilum of a yellow soybean from China. Pl, outer 
palisade layer; P, inner palisade layer; S, asteroid parenchyma; Sp, spongy 
parenchyma; F, fibro-vascular bundle; F, fibro-vascular bundle of the testa; 
A, aleurone layer; Sz, hour-glass cells. (After Kondo.) 
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Fic. 53.—Embryo of a yel- Fie. 54.—Soybean. Cells of 
low soybean seed from Japan. the cotyledon filled with fat, pro- 
I. Whole embryo from the ven- tein and starch; P, protein; S, 
tral side. II. Half of embryo starch. (After Kondo.) 

seen from the inner side. III. 

The two leaves of the plumule. 

C, cotyledons; W, hypocotyl; 

B, leaves of plumule. (After 

Kondo.) 


Microscopic Structure of the Hilum.—The cellular structure of 
the hilum is shown in the accompanying illustration (Fig. 52). 
The most striking features in its structure are (1) the double outer 
layers of palisade cells; (2) the fibro-vascular bundle, consisting 
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Fie. 55.—Cellular structure found in soybean flour and meal. 


1, Palisade and hour-glass cells in sections. 2, Palisade cells in surface view 
from above. 2a, Same from below. 38, Same witha few hour-glass cells 
attached. 4, Aleurone cells within seed-coat. 4a, The same with compressed 
parenchyma in section. 5, Hour-glass cells. 6, Surface view of epidermal cells 
near the hilum. 7, Parenchyma from near the hilum. 8, Tracheids from hilum 
furrow. 9, Epidermis and underlying cells from flat side of cotyledon. 10, 
Epidermis and underlying cells from rounded side of cotyledon. 11, Epidermis 
and palisade cells in transverse section of cotyledon. 12, Palisade cells from 
cotyledon. 13, Epidermis and mesophyll cells from rounded face of cotyledon. 
Ol, oil drop; Cl, crystal; Al, aleurone grains. (After Wallis.) 
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mainly of spindle-form tracheids with reticulated walls; and (3) 
the loose parenchyma of star-shaped cells S that makes up most 
of the tissue of the hilum. 

The Embryo.—lf the seed be soaked, the seed coat may easily 
be removed from the germ or embryo (Fig. 53). This consists 
mostly of two thick cotyledons or seed-leaves. If these be 
separated there remains clinging to one cotyledon, the remainder 
of the young plantlet consisting of the cylindrical hypocotyl, W. 
whose root end is at the micropyle. At the other end is the 
primary leaf bud or plumule, B. of which the two other leaves are 
evident. 

In germination the hypocotyl elongates, the free end forming 
the primary root, while the other end makes the portion of the 
stem which pushes the cotyledons into the air. The subsequent 
growth of the stem proceeds from the plumule. 

Microscopic Structure of the Cotyledons—The two cotyledons 
make up the greater part of the embryo. The epidermis of 
both surfaces consists of small approximately cubical cells 
filled with grains of aleurone. The majority of the cells of the 
cotyledons are palisade in form, thin walled, and filled with aleu- 
rone and oil though in some varieties starch is present (Fig. 54). 
The aleurone grains are spherical or polyhedral in form, and 
between them is the oil. In many of the cells occur crystals 
of calcium oxalate. © 

Identification of Soybean Meal.—The microscopic structure as 
well as the substances which comprise the soybean make it a 
simple matter to identify many commercial products of the 
soybean (Fig. 55). 

Microscopically the long hour-glass or I-shaped cells are very 
characteristic. Also the presence of the aleurone cells in the 
seed coat is highly characteristic. The absence of starch indi- 
cates the soybean with certainty, but in many varieties of soy- 
beans starch is present in small quantity. 

Differences in Structure of the Seed of Varieties.—In a series 
of cooking tests with about three hundred varieties, the Junior 
author found considerable variation in the amount of water 
absorbed by the seeds of different varieties and in the texture of 
the beans after cooking as shown in Table LXX XIII: 
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Tape LXXXIIL—VARIATIONS IN THE COOKING QUALITIES OF SEED 
or DirrpRENT VARIETIES OF SOYBEANS! 


a 


: Weight of Amount 
Variety eae nO) poate t Beare Texture of beans 
(dry), soaking, 100 beans, after cooking 
gm. gm. gm. 
| 

TOkIOG yan tees 20.95 49.75 28.80 | Medium 
(Chiquita creme ere) ieee) 23.85 12.35 | Medium hard 
IMidwesteeen oat maelfmonaS al We 17.64 | Soft 
Mancha eich eer iWeoD 40.00 22.65 | Medium soft 
IHaberlandt.<. «acti 19.63 45.85 26.22 | Soft 
GO San Seoeee ee ell aL eso) 36.85 21.00 | Medium 
Miamamiot hie epee renee 18.90 43.70 24.80 Hard 
Hasyeookc,-.... 4.0260 222 o 53.62 31.47 || Very soft 
DST Nano oe ots pee ERC 35.95 92.80 56.85 | Very soft 
SLL OL et ee 35.95 86.70 50.75 | Soft 
S73 mentee ea er cra 27.00 61.80 34.80 | Very soft 
SHAD eece Mode e otma clare Hal AAD 24.50 13.30 | Hard 
SUA eke oc) aM Ale ase 21.18 50.85 29.67 | Hard 
STOLG a retin tae Hee 10.82 Days 14 14.30 | Soft 
BTODD MOE oe hoa es 1X. BY 30.00 17.43 ~|-Hard 
SLO La Nase ee 16.90 36.20 19.80 | Medium soft 
3259 eae ey Aas eee 6.60 15.90 9.30 | Soft 
S78 Sees Tere ae ee 32.07 Cool 43.03 | Soft 


Studies of the structure of the seed of several of these varieties 
by Dr. Albert Mann, of the United States Department of Agri- 
culture, showed that there was an appreciable difference in the 
structure of the Easycook and other varieties. The most impor- 
tant difference was the much greater permeability of the skin 
or integument of the Easycook variety. This permeability is 
due to a very great looseness in the cells comprising the various 
layers of the integument; particularly so of the outer or palisade 
layer. The walls of all the cells of the integument are more 
delicate and, therefore, more permeable than those of the Mam- 
moth Yellow, which does not cook up easily. The palisade cells 
on account of their external position doubtless play the most 
conspicuous part in this particular. It was noted that the loose- 
ness in cell structure and thinness of cell walls were equally pro- 
nounced in the tissue of the cotyledons. 

It would seem that varieties suitable for easy cooking might be 


1 One hundred seeds of each variety were used. The seeds were weighed 


dry then after soaking for 17 hr. weighed again. Each sample was cooked’ 
for a period of 2 hr. 
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selected by such comparison in structure of seed. However, it 
will be noted in Table LX XXIII that the amount of water ab- 
sorbed does not always indicate an easily cooked seed. In 
general, those varieties absorbing a large amount of water cooked 
rather easily, but in a very few instances varieties absorbing small 
amounts of water cooked quite easily. It was found that in 
addition to difference in structure, the varieties as the Easy- 
cook, Hahto and Tokio contained more starch, which was 
scattered more or less through the cotyledons. 


CHAPTER XI 
SOYBEAN OIL 


In Manchuria, soybeans are grown largely for oil, which is one 
of the most important commercial products of this plant. In 
Asiatic countries the oil is used largely for food and in the manu- 
facture of food stuffs, paints, waterproof goods, soaps, printing 
inks, and for lubricating and lighting. Since about 1908 large 
quantities of oil and of beans for the production of oil have been 
imported by America and Europe, where it is utilized for various 
industrial purposes, principally in the manufacture of soap and 
paints. However, considerable quantities are used in the manu- 
facture of lard and butter substitutes, salad oils, and in the 
manufacture of rubber substitutes and waterproof goods. 
Soybean oil has an important place in the world’s trade and 
commercial utilization of vegetable oils. 

Soybean Oil.—The oil extracted from the soybean belongs 
to the semi-drying class of oils; that is, those having properties 
intermediate between drying oils, such as linseed oil, and non- 
drying oils, such as olive oil. However, considerable variation 
occurs in its drying qualities as well as in its color, odor and 
taste, depending upon the source and variety of the bean, upon 
the care exercised in packing and transportation of both the beans 
and the oil, and upon the oil-processing method. In some 
respects it resembles cottonseed oil, but is of a more pronounced 
drying character and more closely resembles in its physical 
properties, linseed oil. Crude soybean oil is yellow to dark 
brown in color and has a faint odor, somewhat “beany,’’ but 
is rather palatable. For food purposes, soybean oil is refined 
and deodorized, the product being a neutral bland oil closely 
resembling edible cottonseed oil, light yellow in color, and nearly 
odorless and tasteless. The value and uses of the soybean oil 
were little appreciated in Europe or America until about 1908, 
when, due to the scarcity of the cottonseed and linseed supplies, 
soap, glycerine and paint manufacturers began to turn their 
attention to its possibilities. As an oil to replace linseed oil 
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wholly or in part, soybean oil has been found to have the widest 
range of substitution. With the rapid growth of the soybean 
industry many new trade uses have been found for the oil, 
and on account of its lower cost has become an important com- 
petitor of other vegetable oils. 

Methods of Oil Extraction.—The introduction of the soybean 
into the western world for oil purposes has not made any changes 


Fie. 56. An old style Chinese bean oil press, Manchuria. 


necessary in the equipment of the modern oil mill. The methods 
employed in the extraction of oil from the soybean are similar 
to those for other oil seeds, such as cottonseed and linseed. In 
Manchuria the manufacture of oil and cake is not wholly confined 
to large oil centers as every small center of bean production has 
its native mill. Until about 1917, when the increased demand 
for soybean oil stimulated the installation of more modern machin- 
ery, the prevailing methods in the Orient for obtaining the oil 
from the beans were crude (Fig. 56). However, at the present 
time in the large oil centers as Dairen, Kobe and Newchwang 
(Fig. 57) the most modern machinery is now generally used. 
The extraction method is but little employed in either Japan or 
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Manchuria, this method being favored in Europe, particularly 
in England. About 95 per cent. or even more of the oil produced 
in Manchuria, Japan and China is obtained by expression. At 
Dairen and Kobe hydraulic presses similar to those in use by the 
American cottonseed mills have largely displaced the old hand- 
power presses. Two mills using the extraction process are 
operating in the Orient, one near Kobe and another in Dairen. 


Fie. 57.—Coolies at Newchwang, Manchuria, engaged in carrying loads of 
soybeans from the junks to big stacks, where they are kept until the factory 
needs them for oil manufacture. (Photographed by F. N. Meyer.) 


Manchurian Methods of Oil Extraction—The method of 
extracting the oil from the beans in the native Manchurian mills 
(Fig. 56) is decidedly primitive and involves four processes: 
Crushing, steaming, preparing for the press, and pressing, the 
same also being followed in the modern oil mills. The beans are 
first crushed into wafers beneath a large granite millstone and 
then are placed in gunny bags.over a wooden grating, which is 
laid upon pots of boiling water, being steamed in this manner 
for about 15 min. The resultant mass is spread out in circu- 
lar frames, about 6 in. deep. Five of these frames are placed one 
above another in a vertical press, consisting of four uprights, 
with cross-beams at the top and bottom. Pressure is applied 
by means of wedges driven in between the cross-beams and beams 
placed on top of the frames, and the oil is thus expressed. When 
taken out, the cakes have their rims pared even with a semi- 
circular cutter. The percentage of oil is said to depend largely 
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upon the respective prices for each, being regulated by using 
different varieties of beans. When oil production is more prof- 
itable, yellow varieties are used, but when cake is required, green 
or black sorts are mixed with the yellow varieties or used alone. 
The large oil mills equipped with modern machinery are able 
to extract considerably more oil than the primitive mills. In 
these large mills from 50 to 75 per cent. of the oil is extracted. 
Only a relatively small amount of oil produced by the small 
native mills enters into international trade. 

The amount of moisture in the beans appears to be a matter 
of importance in Manchuria, not only for the dealer shipping 
the beans, but also for the mill owner. It has been estimated 
that 48 lb. of the 1913-14 Manchurian crop yielded 4.7 lb. of 
oil while only 4.1 lb. could be expressed from the same quantity 
of the 1914-15. 

Solvent Method of Oil Extraction.—The solvent method of 
extraction, involving the use of benzine or gasoline, is used by 
many of the large oil mills in European countries, especially 
England. The beans are first crushed finely and then treated 
directly by the fat solvent. The oil is taken out of the fat solv- 
ent by evaporating the latter, which is distilled and used over 
again. The residue is well dried and as a bean meal rather 
than cake is obtained, can be used without further treatment as. 
fertilizer and also as a feedstuff where no prejudice exists against 
the use of chemically-treated beans. The chemical process 
can not be utilized when an edible oil is desired, as the solvent 
gives the oil an odor which can not be entirely removed. 

It is contended that by the solvent process more oil of a better 
quality is extracted from the beans and the resultant meal is 
better suited for flour or fertilizer, as it contains less oil. When 
the extraction process is used about 95 per cent. of the oil is 
obtained, the meal containing only about 1.5 per cent. oil and 
43 to 45 per cent. protein. One of the solvent process mills 
recently erected in Manchuria has a maximum capacity of 80 
tons of beans every 24 hours. However, only 50 tons of beans 
are crushed daily, producing about 7 tons of oil and 40 tons 
of meal, the 3 tons which were lost consisting of moisture, 
dust and trash. 

American Oil Mills—The oil mills in the United States 
employ two methods of oil extraction—the hydraulic and expeller 
processes. Extensive tests with domestic grown beans indicate 
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that 1 ton of beans will yield by the expeller process an average 
of 32 gallons (about 7.5 lb. to the gallon) of oil and 1,600 lb. of 
cake, the difference (about 130 lb.) representing the loss due to 
cleaning and the evaporation of moisture driven off after the 
beans have been crushed and heated. The cost of producing 
oil and cake by either process is said to be less with the soybean 
than with cottonseed. The cotton oil mills can easily handle 
soybeans with little or no change in their present equipment. 
As soybeans may be stored with less danger of deterioration than 
cottonseed, it is practicable to press the beans after the regular 
cottonseed crushing season is over. 

Methods of Shipping and Marketing Soybean Oil.—Soybean 
oil shipped from Oriental ports is usually packed in cases con- 
taining two 5-gal. tin cans each. The cans are usually 
second or third hand when ready for export, having been used 
previously as containers for illuminating oils. As a result of 
their poor condition, the cans usually develop leaks during the 
ocean voyage, which accounts for a loss estimated at 5 per cent. 
of the oil between the mill and the consumer. No other method 
of shipment has yet been used on an extensive scale. The 
use of barrels or drums has been restricted by the high additional 
freight rates on the containers, which must be returned empty to 
the Orient, and by the high original cost of such containers, 
Undoubtedly the best method of shipment is in tank steamers. 
although facilities are said to be lacking in the Orient for loading 
tank steamers. 

In the United States, soybean oil has been handled in barrels 
and in tank cars. The large shipments of imported oil from the 
Pacific ports has been handled largely in tank cars. In fact 
soybean oil may be handled in the same manner as cottonseed oil 
and other vegetable oils. 

In the Orient there are three classes of wholesale dealers in the 
domestic oil trade in producing centers,—original importers with 
agents at the main mill centers, wholesalers acting either as 
agents of the above or representing mills direct, and retailers 
dealing with the trade. Oil is retailed for cash. Oil is sold to 
customers in brass containers made to hold the required weight. 
Adulteration and underweight are often practiced, but by dealing 
with certain reliable distributors it is possible to secure honest 
weight and pure oil at a slightly advanced price. 

Soybean oil is generally handled between Chinese ports in 
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containers weighing three piculs (picul = 133 1b.). Oil for domes- 
tic consumption, is a regular item of import from Manchuria 
mill centers, and the price is advanced in winter when most of the 
northern ports are icebound. Oil is sold wholesale to retailers 
on 20 days’ credit, but wholesalers deal with importers on a 
cash basis. Wholesalers are in reality a compact organization 
of brokers who are under moral and customary obligation to 
dispose of all the stocks of the importers, and while they deal 
with the importers on a cash basis they really work on a stated 
commission. Immediate and future (forward) transactions are 
made, and in the case of the latter 30 per cent. deposit is 
required. Regular oil exchanges are held in the principal centers, 
and importers holding large stocks usually rule the market prices. 

-Prices of Soybean Oil.—As soybean oil is competitive with and 
can be substituted wholly or in part for cottonseed, coconut and 
linseed oils particularly, variations in price are determined largely 
by changes in price of the others mentioned. Only slight varia- 
tions occurred between 1912 and 1915, the prices ranging from 514 
to 714 ects. per pound. Early in 1916 prices started rising until 
soybean oil was quoted at 1934 cts. per pound the latter part of 
1918. In 1913 soybean oil quotations were about 6 cts. per 
pound below those of coconut oil, but at the present time soy- ° 
bean oil is practically on a par with coconut oil. Oil dealers 
state that soybean oil must sell at from 2 to 3°cts. below linseed 
oil to find general use in the paint, varnish and similar industries. 
Cottonseed and linseed oils in reality determine oil prices in the 
edible and industrial field, respectively. Extracted soybean oil 
is generally quoted at from 14 to 4 ct. per pound less than the 
expressed oil, 

In lard compounds, prices will largely determine which oil is to 
be used. As an edible or table oil, peanut oil and in a lesser 
degree cottonseed oil are generally considered superior to soybean 
oil. In paints, varnishes and linoleums, at the present linseed 
oil price and supply, soybean oil may be actually indispensable. 
Soybean oil has nearly displaced linseed oil as a soft-soap mate- 
rial, and with the use of the hydrogenation process can serve in 
the manufacture of hard soaps in which it now enters in equal 
quantities with linseed oil. Although cottonseed oil is at present 
preeminent in lard compounds and substitutes, the hydrogenat- 
ing process by producing a practically tasteless and odorless 
product, will tend to make the choice between the various oils 
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depend on the prices rather than on any inherent characteristics 
of the oils. Methods of refining and deodorization as well as 
the hardening processes are tending to equalize oil prices. 

Utilization of Soybean Oil in Soap Manufacture.—Soybean oil 
was at first used in Europe and America in its crude state princi- 
pally in the manufacture of soft soaps. As.a soft soap material 
it has practically displaced linseed oil, and with the use of the 
hydrogenation process can serve in the manufacture of hard soaps 
in which it now enters in equal quantities with cottonseed oil. 
The soap industry has been the largest single consumer of crude 
soybean oil. The quantity used increased from 1,182,000 lb. in 
1912 to 124,058,000 in 1917, in which year it was practically on a 
par with cottonseed oil as a soap-making material and represented 
24 per cent. of the total vegetable oils used in that industry. 
The following table shows the consumption of vegetable oils by 
the soap industry in the United States. 


Taste LX X XIV.—CoNnNsUMPTION OF VEGETABLE OILS BY THE Soap INDUS- 
TRY IN THE UNITED STATES 


Products consumed 1912, Ib. 1914, lb. 1916, Ib. 1917, lb. 
Coconut oil.....| 78,816,000 | 77,959,000 | 111,084,000 | 168,602,000 
Cont oil 9,822,000 | 11,368,000 | 12,821,000 | 15,997,000 
Cottonseed oil. .| 132,312,000 | 119,254,000 | 194,916,000 | 126,390,000 - 
Linseed oil...... 1,390,000 1,034,000 803,000 1,006,000 
Palm oil........| 7,546,000 | 71,896,000 | 14,938,000 | 27,345,000 
Palm-kernel oil. .|_ 20,579,000 | 31,376,000 5,804,000 4,762,000 
Peanut oil...... 31,000 76,000 1,181,000 15,126,000 
Soybean oil.....| 1,182,000 4,499,000 | 57,373,000 | 124,058,000 


Soybean oil has been found especially suitable for the soap 
maker’s purpose on account of its low content of free fatty acids 
and unsaponifiable matter. In the latter respect it has proved 
superior to any of the other oils or fats of commerce, whether of 
vegetable or animal origin. When properly refined, soybean oil 
will yield about 10 per cent. glycerine as a by-product in the 
manufacture of soaps. This glycerine has been found to be equal 
in value to that recovered from other soap-making fats such as 
tallow, cottonseed oil, coconut oil, etc. It is subsequently 
distilled for explosives such as dynamite, cordite, blasting gelatine, 
and for purposes in the arts. 
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Soybean Oil for Food.—One of the principal uses of soybean 
_ oil in Asiatic countries, chiefly China, is for food, it being con- 
sumed largely in the crude state by the poorer classes, but among 
the rich it is boiled and allowed to stand until clarified. Before 
the oil can be used in food products it must be refined and deo- 
dorized. The refining process invariably aims at the production 
of an edible product for use as a salad or cooking oil (usually 
blended with other oils) and for use in lard and butter substitutes. 
In the latter two products the oil is often first hydrogenated. This 
method of hardening tends to reduce the advantages that some 
oils formerly held over others. Deodorization is practically 
complete in hydrogenation. The product, therefore, made from 
cottonseed oil has no intrinsic superiority over that made from 
soybean oil. The improved methods of deodorizing and bleach- 
ing soybean oil have tended to remove a former prejudice against 
its use as a table oil. Several firms in Europe and America are 
packing soybean oil for sale to the retail trade, and it is claimed 
that a satisfactory market has been found. The following table 
shows the consumption of vegetable oils in the United States 
in the production of lard and butter substitutes. 


TaBLe LX XXV.—CoNSUMPTION OF VEGHTABLE OILS IN THE PRODUCTION 
or Larp SUBSTITUTES AND OLEOMARGARINE IN THE UNITED STATES 


Cottonseed, Coconut, Corn, Soybean, Peanut, 
Ib. Ib. lb. lb. lb. 

Oleomargarine 

1912 17,837,000 295,000 Mie. cess 708,000) 2,453,000 

1914 21,205,000) 112,000).......... 486,000] 3,137,000 

1916 49,960,000] 563,000; 147,000, 2,123,000) 5,335,000 

1917 63,652,000] 19,763,000} 859,000, 6,614,000) 10,498,000 

1918 36,454,000! 61,773,000} 60,000) 5,921,000} 21,593,000 
Lard Substi- 

tutes 

1912 BOO UO ee ec cha tee ted ek OA 1,687,000 

1914 PRs YAS OOO eo ote: ls keh eee 1,585,000) 2,144,000 

1916 919,447,000] .......... 13,105,000) 14,247,000; 17,869,000 

1917 1,060,214,000| 5,545,000) 4,166,000) 34,351,000) 12,209,000 

1918 | 1,015,051,000) 13,408,000) 2,288,000) 56,517,000 27,912,000 


Soybean oil has been studied with other oils in a series of experi- 
ments carried on by the Office of Home Economics of the 
U. 8. Department of Agriculture and found to compare favor- 
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ably with the more common culinary table oils with respect to 
the thoroughness with which it is assimilated. The digestibility 
of soybean oil for man was studied by Korentschewski and Zim- 
merman (1905). The coefficient of digestibility was found to be 
about 95 per cent. 

Use in Paint Manufacture.—In the search by manufacturers 
for new oils to replace linseed oil partly or wholly, soybean oil 
was found most suitable. In Europe and America, paint grinders 
are using large quantities of this oil in the manufacture of certain 
types of paint. Gardner (1914) has conducted extensive tests 
with soybean oil comparing it with linseed and other oils in differ- 
ent proportions. On account of the inferior drying qualities 
of soybean oil as compared with linseed oil, it cannot entirely 
displace the latter, and its use in connection with linseed oil 
will be limited to from 25 to 50 per cent., depending on the prod- 
uct in which it is used. It is claimed that no inferior qualities 
are developed in the paints if the proportion of soybean oil to 
the total oils does not exceed the amounts mentioned. Soybean 
oil is not really competitive with linseed oil, but seems rather, at 
the present linseed price and supply, a necessary adjunct to it. 

Miscellaneous Uses.—The immediate value of a vegetable oil, 
such as soybean oil, for candle making is determined by the rela- 
tive proportions of solid and liquid acids, the former being 
represented by stearic and palmitic, and the latter by oleic and 
linolic acids. In the case of soybean oil, the large proportion of 
liquid fatty acids, about 80 per cent, as compared with 11.5 
per cent. of stearic acid, indicates its employment for edible pur- 
poses or soap-making rather than for the manufacture of candles. 

The problem of producing an artificial rubber is said to have 
been solved by two German scientists, using soybean oil as a 
raw material. The oil is converted into a glutinous viscid prod- 
uct by nitric acid. This mass is thereupon treated with diluted 
alkalies, and then heated to a temperature of 150°, thereby 
changing it to a tough and yet elastic body, resembling rubber, 
which by mechanical handling can be given any shape and like 
the natural caoutchouc can be vulcanized by the customary 
processes. It remains to be seen whether or not this invention 
merits its claim of producing a substitute for natural rubber 
cheaper than the latter. At the present time soybean oil is used 
to some extent in the manufacture of various rubber substitutes. 

As a lubricant, soybean oil is used to a very considerable 
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extent in north China and Manchuria for greasing axles and parts 
of native machinery. In south China large quantities of oil are 
used in the manufacture of water-proof goods, and it is also 
mixed with lacquer for varnish and printing ink. The oil is 
also used in the Orient in the manufacture of various foodstuffs, 
paints, soaps, and for lighting. 

Other trade uses of this oil are the manufacture of linoleum, 
waterproof liquid, toilet powder, enamels and waterproof goods, 
such as cloth, umbrellas and lanterns. 


CHAPTER XII 
SOYBEAN CAKE OR MEAL 


The cake or meal remaining after the oil is extracted is a most 
valuable product and has the widest usefulness. The yellow- 
seeded varieties produce a bright yellow meal, while that from the 
brown and black varieties is of a darker shade. The cake or 
meal from which the oil has been extracted by means of the solv- 
ent process is of the brighter color than that from which the 
oil was removed by heating and pressure. Soybean cake or meal 
when fresh has a sweet, nutty flavor, and not at all unpleasant 
to taste. As a feed, soybean meal is highly concentrated and 
nutritious and is relished by all kinds of live stock. In the 
Orient it is used to a very considerable extent for fertilizing pur- 
poses. The use of the meal as flour for human food has become 
important in several European countries during the last few 
years and to some extent it is used in America. 

Feeding Value.—In Manchuria soybean cake or meal, mixed 
with bean and kaoliang (sorghum) stalks, is used as feed for horses 
and mules, but only when very hard work is done. It is also 
recognized in Japan as a valuable feed for work animals and as a 
fattening feed for animals not employed in farm work. 

Soybean cake ground into meal is used almost entirely for 
feeding purposes in European countries and America. Practical 
experience supplemented by carefully conducted experiments, 
indicates the high-feeding value of this meal for all kinds of farm 
stock. The low price of the meal in comparison with other con- 
centrated feeds has also made it very popular, especially in the 
dairy countries of Europe. Some hesitation was shown in Europe 
when the meal was first introduced, as it was feared that the taste 
of the butter and other milk products might be affected by feed- 
ing the meal to cows. However, experiments proved the fear _ 
groundless and the demand for the meal has steadily increased. 

The use of the meal in America thus far has been confined 
almost entirely to the Pacific Coast states. It is considered a 
valuable feed not only by dairymen, but also by poultrymen. 
The meal has been used to some extent by kennel owners who 
have found it to be a highly satisfactory dog feed. 
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Composition.—The analyses of soybean cake or meal, as shown 
in the following table, would indicate that as a stock feed it 
compares very favorably with similar concentrated feeds. 


Taste LXXXVI.—Composition or Soypran Cake, M@AL, AND OTHER 
Important Or Frereps. Compinep FROM VARIOUS SOURCES 


Constituents, per cent. 


Kind of feed ; 
aioe | Protein Fat pues Ash | Fiber 
extract 

Soybean meal (U. 8.)...... 7.59 | 44.65 | 8.77 | 27.12 | 5.89] 5.96 
Soybean cake (China)...... VWirot ll d4nO0n eG. OOM 215020) 52 boa) 4798 
Soybean cake (Manchuria)..| 15.60 | 41.37 | 8.60 | 24.81 | 5.25] 4.37 
Soybean cake............. 11.11 | 48.29 | 6.10 | 34.04 | 5.46 
Soybean cake. .e<,.....) 10.07 | 40.56 | 5.04 | 30.89 | 6.59! 6.95 
Soybeam cake: < c96.0 6055 11.33 | 42.69 | 5.95 | 28.07 | 5.94] 6.02 
Soybean cake............. 10.30 | 42.43 | 6.33 29.34 | 5.90] 5.40 
Soybean meal............. 11.52 | 46.74 | 2.20! | 28.65 | 6.757 4.14 
Soybesm Cakes.cAg0. ches. 11.23 | 43.58 | 5.18 | 30.10 | 6.88] 3.58 
Soybean cake... .: 2.2%... 12.90 | 40.80 | 7.90 | 28.10; 4.90] 5.40 
Soybean meal (fine)........ 10.42 | 41.07 | 2.15" | 28.55 | 5.50)1-12:32 
Soybean meal (coarse)......| 8.98 | 41.50 | 2.17! | 33.71 | 5.77| 7.87 
GY DEATCAKGs. ack Ge n+ nie 12.87 | 44.90 | 1.33! | 30.90 | 5.42) 4.30 
Poybean cake. ..00. 0.02... 12.10 | 42.20 | 7.25 29.05 | 5.10) 4.30 
Cotton seed ....6- <<... 0.) 6.62 | 40.29 | 7.41 28.63 | 6.21 /)10.84 
Linseed (old process)....... 8.98. | 68.20 | 7.20 || 36.51 | 5.405 8:68 
Linseed (new process)......| 9.63 | 37.51 | 2.49 36.09 | 5.54] 8.74 
Peanut (decorticated)......| 10.73 | 46.84 | 7.91 24.34 | 4.89} 5.29 
Sunflower seed............ 7.68 | 23.80 | 7.94 | 27.49 | 5.09 | 28.06 


Soybean Cake or Meal for Dairy Cows.—Rather extensive 
feeding experiments were conducted under the direction of 
Hofmann-Bang (1911) at the Copenhagen Experiment Station 
to determine the feeding value of soybean cake for milch cows. 
It was found that 2.2 lb. of soybean cake fully replaced the same 
amount of other high protein cakes fed (cottonseed meal, peanut 
and sunflower-seed cakes) without affecting the milk production, 
the condition of the cows or the chemical composition of the 
milk. When good, fresh soybean cakes were fed, no deleterious 
influence from feeding the cakes, even when these were fed 
excessively, was traceable in the flavor or odor of the butter. 

Gilchrist (1909) at the Armstrong College, England, conducted 
experiments testing the comparative feeding value of soybean 


1Qjil extracted by solvent process, 
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cake and decorticated cottonseed cake. As regards milk pro- 
duction, there was a slight advantage in favor of the soybean 
cake, but it was so small that the two cakes were considered to 
be equal in this respect. Both feeds also gave similar results 
relative to the fat content of the milk. The cows, however, 
gained rather more in weight while they were receiving the soy- 
bean cake than they did on the decorticated cottonseed cake. 

An experiment similar to the preceding one was carried on 
at the Royal Agricultural College, England. The yield of milk 
appeared to be little affected by the kind of cake used. The 
percentage of butter fat in the case of the bean cake remained 
almost constant, a slight increase, if anything, being noticed; 
with the decorticated cottonseed cake the percentage of butter 
fat had a tendency to fall. The butter produced by the bean 
cake was of a soft oily nature and churned quickly, but it yielded 
well. It was, however, of a decidedly paler color and somewhat 
inferior in flavor as compared with that from cottonseed cake. 
The butter produced by the decorticated cottonseed cake was 
hard and took a longer time to churn and the yield was not 
so good as with the bean cake. No difference in laxative effect 
or otherwise was observed between the two cakes. 

Ott de Vries (1909) in Holland made a comparison of soybean 
cake and linseed cake rations on the yield of milk and the prop- 
erties of butter and cheese. During the main feeding period 
the average production of milk was practically equal with the 
two cakes, but in the average production of butter fat the linseed 
cake gave larger returns. The refractive index of soybean butter 
was slightly lower and the percentage of volatile acids was 
slightly higher than that of butter made during the linseed 
ration period. When scored by good judges there was no appre- 
ciable difference in the quality of the butter. The properties 
of cheese were unaffected. The soybean ration produced no 
unfavorable effect on the health of the cows, and in all respects 
was considered to be a valuable feed. 

Feeding experiments were conducted by Lindsey, et al. (1909) 
of the Massachusetts (Hatch) Experiment Station to ascertain 
the effect of soybean meal with a minimum percentage of oil 
upon the composition of milk and butter fat, and upon the con- 
sistency or body of butter. The results obtained show that the 
meal with the oil partially extracted seemed to be without influ- 
ence in changing the proportions of the several milk constituents 


SOYBEAN CAKE OR MEAL 207 


or in imparting any flavor to the milk. The meal did not modify 
the chemical character of the butter fat nor did it have any effect 
upon the production of butter. However, a noticeable softness 
was imparted to the body of the butter but not sufficiently 
so as to injure its commercial value except during the warm 
months. At the same station Brooks (1903) in an earlier 
experiment, comparing soybean and cottonseed meals, reports 
that from the soybean meal somewhat more milk was obtained, 
less but richer cream, and butter of a better quality than from 
cottonseed meal. With cottonseed meal the butter was harder 
but had a greasy, though firmer texture. The soybean butter was 
of a higher color and much more agreeable texture and flavor. 

At the Tennessee Experiment Station, Price (1908) in testing 
home-grown rations ‘in the economical production of milk and 
butter found that the yields both of milk and butter were about 
5 per cent. greater for soybean meal in comparison with cotton- 
seed meal. Otis (1904) at the Kansas Experiment Station found 
that when soybeans formed one-half of the concentrates of the 
ration soft butter was produced. Rosengren (1910) in a study 
of the influence of soybean cake on the quality of butter found 
that soybean cake fed to milk cows at the rate of 5.5 lb. per head 
a day did not cause any undesirable flavors in the milk or butter. 

Soybean Cake or Meal for Cattle—Feeding experiments 
comparing soybean cake and linseed cake for fattening were 
carried out by Bruce (1909) of the Edinburgh and East of 
Scotland College of Agriculture. The results obtained indicated 
that soybean cake, when used as a supplement to feeding stuffs 
in bullock fattening to the extent of from 4 to 5 lb. daily 
is a healthful cattle feed and a satisfactory beef producer, but 
weight for weight, is not equal to linseed cake. 

In other experiments carried on in England by Gilchrist (1912) 
comparing decorticated cottonseed cake and soybean cake as 
concentrates for young cattle, the cottonseed cake caused slightly 
faster gains than soybean cake, but in one experiment was less 
economical. It was also found that when a larger proportion of 
protein was fed than called for by the Wolff-Lehmann standard, 
somewhat faster gains were made but at less profit. 

The actual feeding value of ground soybeans as a substitute 
for cottonseed meal in rations for fattening cattle has been tested 
by Skinner and King (1913, 1914 and 1915) and King (1920) at 
the Indiana Experiment Station in a series of three trials with 
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two and three-year-old cattle fed shelled corn, corn silage, and 
cured roughage. Two similar lots of cattle were fed the same 
ration, except that one lot received cottonseed meal and the other 
lot ground soybeans as supplements to the ration. The supple- 
ment was fed at the rate of 2.5 lb. daily per 1,000 lb. live weight. 

The results show a larger feed consumption where cottonseed 
meal was fed then where ground soybeans were used. This 
difference was due to the fact that the cattle fed soybeans had 
unsteady appetites during the latter part of the feeding periods. 
As long as they were palatable they are as efficient as cottonseed 
meal as a supplement to rations for fattening cattle. Their 
palatability may be limited to one hundred days feeding.. After 
the beans are no longer relished by cattle, they are less efficient 
than cottonseed meal. The marked laxative effect of soybeans 
is also objectionable. This effect of the soybeans was doubtless 
due to the large percentage of fat contained therein. The cost 
of gain was slightly in favor of the soybeans with beans valued 
at the same price per ton as cottonseed meal. All factors con- 
sidered the profit per head was slightly greater in the lot receiving 
ground soybeans as supplement to the ration, if soybeans are 
valued at the same price as cottonseed meal. 

Soybean Cake or Meal for Swine.—Extensive experimental. 
work has been conducted by Gray (1917) at the North Carolina 
Station to determine the feeding value of soybean meal when fed 
to hogs. The results indicate that both for rapidity and economy 
of gains this meal has proven itself as a superior product for part 
of the ration for hogs. The question of soybean meal producing 
soft pork was also tested out by this station. At the beginning 
of the test, the average melting point of the fat was found to be 
41.4 degrees, being almost as firm as fat taken from hogs fattened 
on aration of corn alone. With hogs fed ona ration of two-thirds 
cracked corn plus one-third soybean meal the melting point of the 
fat was found to be 42.0 degrees. The firmest bodies were found 
in the lots where soybean meal was fed. The conclusion reached 
was that the results so far secured seem to indicate that soybean 
meal does not produce soft-bodied hogs. 

In a preliminary experiment at the North Carolina Experiment 
Station by Gray (1916) as to the relative value of wheat shorts, 
soybean meal and peanut meal as supplements for corn, pigs 
averaging about 43 lb. each were fed for 140 days in very small 
cement floored lots. The pigs fed corn and shorts (2:1) gained 
an average of 0.29 lb. per head per day at a cost of 19.8 cts. per 
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pound of gain. Those fed corn and soybean meal (2:1) gained 
0.44 lb. at a cost of 11.79 cts., and those fed corn and peanut 
meal (2:1) gained 0.37 lb. at a cost of 14.56 cts. In this test corn 
was valued at one dollar per bushel, soybean meal at $40.00 
a ton and peanut meal at $30.00 a ton. 

At the Wisconsin Agricultural Experiment Station, Humphrey 
and Fuller (1904, 1905, 1906) compared soybean meal and wheat 
middlings for pork production in three separate experiments in 
as many years. Two-thirds of the grain ration was.corn meal 
in each case. In each of the experiments the largest gains were 
made on the soybean rations. Soybeans proved about 10 
per cent. superior to wheat middlings for pork production, figur- 
ing the cost of the feeds as the same. 

At the Kansas Agricultural Experiment Station, Cottrell, 
et al. (1900) have several times tested the value of soybean meal 
in combination with corn meal and with kafir meal in comparison 
with the two latter feeds alone in feeding hogs. The feeds were 
mixed in the proportion of four-fifths corn or kafir and one-fifth 
soybeans. Larger gains, varying from 13 to 37 per cent. were 

‘made in every case on the mixed rations than on corn or kafir 
alone. With corn meal alone 100 lb. of gain cost $3.92, with corn 
meal and soybean meal $3.73, and with kafir meal and soybean 
meal $3.37. For these computations the value of corn meal was 
fixed at $14.00 a ton, kafir meal at $13.00 a ton, and soybean 
meal at $25.00 a ton. 

An experiment was carried on by Wheeler, e¢ al. (1913) at the 
Kansas Agricultural Experiment Station to compare tankage 
and soybean meal as supplements to corn for fattening hogs. 
Although the average daily gain was less with soybean meal and 
the cost of feed per 100 lb. of gain greater than with the tankage 
ration, the value of soybeans as a hog feed was demonstrated 
to be far superior to corn meal alone. 

At the Indiana Agricultural Experiment Station, Skinner 
(1905) compared rations of two parts of corn meal and one part 
of soybean meal with corn meal and wheat middlings in equal 
proportions and with five parts of corn meal and one part of 
tankage for pork production. The soybean ration produced the 
largest daily gains and this with the smallest quantity of feed 
consumed for each pound of gain. Further experiments by 
Skinner and Cochel (1908) conducted at this station showed 
the value of soybean meal for fattening hogs as compared with 
linseed meal, tankage and other feeds. The feeding of soybean 

14 


210 THE SOYBEAN 


meal in connection with corn resulted in a more rapid gain at 
less cost of feed than with linseed meal. It was found that the 
cost per 100 lb. of gain was $3.82 with linseed meal, while 
with soybean meal, the cost was $3.46. 

Recent feeding experiments with swine by Vestal (1922) at 
the Indiana Experiment Station indicate that the addition of a 
mineral mixture to corn and soybean rations greatly increased 
the rate and economy of gains. It was found that corn and 
soybeans without minerals ranked considerably below corn and 
tankage in the production of rapid and economical gains. Corn 
and soybeans with wood ashes 10 parts, 16 per cent. acid phosphate 
10 parts and commercial salt one part by weight ranked slightly 
above corn and tankage in rate and economy of gains, and gave 
the best results of any of the mineral supplements with corn and 
soybeans. This ration and mixture increased the rate of gain 
30 per cent. and decreased the feed requirement 13 per cent. 
A mixture consisting of 10 parts limestone, 10 parts 16 per cent. 
acid phosphate and 1 part common salt, ranked next to the 
preceding mineral mixture as a. supplement to soybeans and 
corn. It was found that the minerals used in the feeding trials 
improved the appetites of the hogs as indicated by an increase 
in feed consumption in every case. 

Haselhoff (1912) in Germany, found in fattening experiments 
with hogs that soybean meal was:somewhat cheaper than barley 
meal when given with a variety of other feeds. Studies of the fat 
showed that soybean meal had no great effect on the index of 
refraction, saponification number or iodin number. 

At the Kentucky Experiment Station, Good and Mann 
(1918) conducted an experiment comparing velvet-bean meal, 
tankage and soybean meal as supplements to corn meal in 
feeding hogs. A lot of eight Duroc-Jersey and Berkshire shotes 
each weighing originally 125 lb. was fed on corn meal and velvet- 
bean and hull meal (5:1) another on corn meal and tankage 
(9.1) and a third on corn meal and soybean meal (7.1) for 89 
days. The average gains were respectively 0.8, 1.52 and 1.42 lb. 
per pig and the corresponding amounts of feed consumed per 
pound of gain were 6.5, 4.2 and 4.5 1b. Although the velvet-bean 
meal was much cheaper than tankage or soybean meal, the 
animals getting velvet-bean meal were fed at a distinct loss. 
The value of soybeans as a supplement to corn is pointed out. 

Hays (1919), at the Delaware Experiment Station, carried on 
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a series of tests with regard to the relative efficiencies of tankage, 
linseed meal, soybean meal, gluten feed and coconut oil meal 
for growing fattening hogs. In the average daily gain and the 
total gain per pig, the coconut oil meal gave the largest returns 
and was followed by soybean meal. However, the total feed 
cost per 100 lb. of gain was lowest with soybean meal. 

Feeding trials involving comparisons between soybean meal 
and_ other protein concentrates as supplements to corn for fatten- 
ing hogs are reported by Robison (1920) of the Ohio Experiment 
Station. The results of two 17-week comparisons of soybean 
meal with other supplements for fattening pigs are shown in 
the following table. 


Taste LX XXVII.—Two 17-WeEEk Comparisons OF SOYBEAN MBAL WITH 
OTHER SUPPLEMENT FOR FaTTENING Pigs 


| F ‘ Consumed per Returns 
avereie| conca-| gait |} at [om teed 
Feeds offered Res trate per 1 Ib, | Per day 
Ib, | | Tation,? head, | Gorn, | Supple- | gain, ree 
lb. lb. lb. ment, cts. ts : 
Ib. ma 
In dry lot: 
WIC Sc eae ee Se eek os 66.8 3.05 0.50 | 5.86 ais 16.1 | —0. 56 
corn, linseed meal (6 to 1).| 66.5 3.31 1,11 | 3.40 0.57 11.6 | —3. 75 
corn, soybean oil meal 
(OURO Wiarads ccc. aces 6 ayers 67.7 3.30 1.27 | 3.35 0.37 10.9 5.21 
On rape pasture: 
RUSTING ere iin Sets Wii ee A 67.3 3.48 1. 12-1. 26 se 11.7 Ey dit 
corn, tankage (19 to 1).... 66.6 3.71 1.51 | 3,65 0.19 cs Hoa i 5.90 
corn, soybean oil meal 
Se ee ee 67.7 3.79 1.60 | 3.56 0. 30 Tica 6.21 
corn, ground soybeans 
RO WO DSS ps oralaeht= Siew aes 67.5 3.83 1.38 | 3.70 0.46 12.0. 4.11 


The poor showing of ground soybeans in comparison with 
soybean meal is confirmed by a previous feeding test. Apparently 
the ground beans are not as palatable as the soybean meal. 

Soybean Cake or Meal for Sheep.—The University College 
of North Wales conducted a feeding experiment, involving the use 
of soybean cake and linseed cake with sheep. Although the net 
gain was in favor of the linseed cake, the experiment showed that 
soybean meal is a good feeding stuff for sheep. 

At the Wisconsin Experiment Station the value of soybean 
seed was tested for fattening lambs by Richards and Kleinheinz 
(1904). In one experiment two lots of 10 lambs each were fed 

1 Per 100 lb. live weight. 
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on the same roughage. One lot received shelled corn, and whole 
soybeans in equal proportions, while the other received the same 
quantities of shelled corn and whole oats. The average gain of 
each lamb during a period of 12 weeks was 16.3 lbs. when soybeans 
constituted a part of the ration and but 13.7 lb. when oats were 
used. A pound of gain was produced on 6.11 lb. of grain and 
7.11 lb. of roughage in the soybean ration, while 7.28 lb. of grain 
and 8.62 lb. of roughage were required on the oats ration. In 
another experiment the same rations were fed for 12 weeks to 
two lots of 9 lambs each. The lot receiving the soybean ration 
gained 119 lb. in weight and produced 95.1 lb. of wool, against 
71 lb. increase in weight and a production of 81.3 lb. of wool for 
the lot receiving the oat ration. The second lot also consumed 
more feed per pound of gain. 

Investigations have been carried on at the Indiana Experi- 
ment Station by Skinner, et al. (1916, 1917, 1918) in sheep feeding 
comparing various supplements as soybeans (ground), linseed 
meal and cottonseed meal. In these trials the ground soybeans 
did not give as satisfactory results as cottonseed meal as a 
supplement in the rations of fattening lambs. 

Skinner and Starr (1918) found that lambs fed linseed oil 
meal were valued at $17.25 per hundred pounds and returned a 
net profit of 29 cts. per head; lambs receiving cottonseed meal 
were valued at $17.00 and returned a net profit of 10 cents; 
and the lambs fed soybeans were valued at $17.00 returned a net 
profit of 3 cts. per head. 

Skinner and King (1917) found that lambs fed ground soy- 
beans as supplement to shelled corn, clover hay and corn silage 
maintained eager appetites but failed to consume as large quanti- 
ties of feed as those fed cottonseed meal as supplement to the 
ration. Lambs fed ground soybeans gained 35.1 lb. per head as 
compared to 36.5 Ib. per head by those fed cottonseed meal. 
Lambs fed ground soybeans as supplement made gains at a cost of 
$9.76 per 100 lb. as compared to a cost of $9.92 per 100 lb. 
by those fed cottonseed meal. A profit of $3.09 per head was 
returned for lambs fed ground soybeans, being valued at $14.15 
per hundred while the lambs fed cottonseed meal were valued at 
$14.25 per hundred and returned a profit of $3.18 per head. 

Soybean Cake or Meal for Poultry.—In feeding trials with young 
chicks at the North Carolina Experiment Station, Kaupp (1917) 
found that when soybean meal was fed in equal quantities with 
wheat shorts and cracked corn mixed with sweet milk, the 


soybean meal proved to 
be a most valuable feed and 
one to be recommended as 
a good ration for feeding lit- 


on soybean meal averaged 
1.4 1b. when 8 weeks old. A 
second lot handled and fed 
exactly as the first, except 
that rolled oats was used in 
place of soybean meal, aver- 
aged 1.1 lb. in weight at the 
same age. 
of chicks were fed in this 
manner and the 
were all satisfactory as 
to the soybean meal, and 
it was concluded that soy- 
bean meal can replace rolled 
oats in chick feeding. 


(1915) conducted feeding 
tests for 2 years, comparing 
the relative value of protein 
feeding stuffs from animal 
and vegetable sources for 
poultry. The birds receiv- 
ing protein from an animal 


duced in the 2 years of the 
experiment 8,501 eggs as 
compared with 4,710 by the 
soybean meal pen, 4,003 by 
the gluten feed pen, 2,847 
by the linseed meal pen, and 
2,995 by the cottonseed 


that soybean meal ranked 
first in the order of egg 
production for vegetable 


1 Average determination at the ages of 4, 8, 16 and 20 weeks. 
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Investigations were conducted at the Indiana Experiment 
Station by Philips, et al. (1920) as to the influence of source 
and proportion of protein in the feed on the growth and nitro- 
gen metabolism of young chicks. Table LX XXVIII summarizes 
the results obtained. 

Poultrymen in the Pacific Coast states have used soybean meal 
for several years and consider it a most excellent feed for growth 
and egg production. 

Kennard, et al. (1922b) in a series of experiments found that 
soybean meal with a suitable salt mixture is a better supplement 
to corn meal than meat scraps and is nearly as good as condensed 
buttermilk when fed to chickens for short-time, intensive feeding 
periods. A simple salt mixture of bone ash, limestone and salt 
(60:20:20) proved as effective as more complex mixtures for 
supplementing rations consisting of corn meal and soybean 
meal. To be most effective, the amount of the salt mixture to 
be added appears to be about 2 per cent. of the ration, or slightly 
less. In an average of nine different experiments in which corn 
meal was supplemented by soybean meal, with and without a 
salt mixture, the use of the mineral supplement with a similar 
feed intake increased the value of the ration 38.86 per cent. 
Hens responded to the use of the salt mixture in a similar manner 
to that of the young, growing birds. It appears that the mineral 
deficiency of the basal ration is not such as to interfere with the 
storage of fat, but rather accelerates its formation at the expense 
of protein growth. The increase of flesh produced by the inges- 
tion of the basal ration supplemented by the salt mixture con- 
tained 61.38 per cent. more protein than that obtained by feeding 
the basal ration without the salt mixture. The birds receiving 
the supplemented ration retained 27.38 per cent. more of the 
nitrogen ingested than did those receiving the basal ration alone. 

In further experiments Kennard and White (1922), found 
that soybean meal may be successfully used as a protein supple- 
ment to rations for growth of chickens or for egg production, 
if a suitable mineral mixture is added. The mineral mixture 
increased the value of the vegetable protein ration for 
growth and egg production over 40 per cent. The egg pro- 
duction from the vegetable protein ration with mineral mixture 
was comparable with that of the standard meat scrap ration. 
The mineral mixture used for growth and egg production was 
bone phosphate 60 parts, salt 20 parts and limestone 20 parts. 
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Rock phosphate or “floats” appeared to be as effective as the 
bone phosphate in the mineral mixture for the growth of cockerels. 
The cost of the mineral mixture is nominal, being about five 
cents for 100 pounds of mash when the full amount or four pounds 
of the mineral mixture is added to each 100 pounds of mash. 

Digestibility of Soybean Meal.—As regards digestibility, 
soybean meal compares very favorably with other oil meals, 
as will be noted in the following table: 


Taste LX XXIX.—Comparison oF THE DIGESTIBILITY OF SOYBEAN MEAL 
AND OTHER Ort Meats. ComprteD FROM VARIOUS SOURCES 


. 1 
“ Bey x f=] fos 
3 ei 8y [oS te np B ge 168 
a $ | 4e Set meg ie ee 
Kind of meal a 5 58 3 cle ag a3 58 
‘B43 fh een (ee © | Bos > 
Bah Weeeel ee at Bey eh ear Oh nt ES Sa aa 
Soybean (pressed)............ 39.2 4.4 | 25.6 5.5 90 96 S84 WA 
Soybean (extracted)......... 41.6 La V27 8 7.2 97 96 40.7 | 73.0 
Cottonseed (decorticated).....| 39.7 Si 2 ESSS 2.0 76 97 38.0 | 71.0 
Linseed (pressed)............. 28.8 7.9 | 25.4 4.3 79 97 27.2.) 71.8 
Linseed (extracted)...........| 32.2 3.4 | 26.2 4.5 78 96 31.4 | 64.8 
BPR ARAN atts) «Ed cee Sie arya Sei 40.0 8.3 | 20.0 0.8 83 98 FT ay da Wy oy 


Kellner and Newman (1893) in feeding experiments with 
swine in Japan computed the average digestion coefficients of 
fat-free soybean meal as follows: Organic matter, 90.5 per cent. ; 
protein, 26.7 per cent.; nitrogen-free-extract, 92.4 per cent.; 
fiber, 60.5 per cent. 

Experiments to test out the digestibility of soybean meal were 
carried on by the Massachusetts Experiment Station (Table XC). 
The test was regarded as not entirely satisfactory as the varia- 
tions in the percentages of cellulose and fat digestible in the 
case of two sheep was too large. 


TasLeE XC.—Dicrstion CoprriciIENts oF SoyBeaN Mrau OBTAINED 
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Injurious Effects from Soybean Meal.—Alleged injurious 
effects from feeding soybean cake or meal have been reported in the 
United States and Europe, and their cause has been the subject of 
careful investigation. As yet, no proof is to be had of soybean 
cake or meal causing any injurious effects when given to animals 
in reasonable quantities, and in combination with other feeds. 

An experiment was carried out by the Harper Adams Agricul- 
tural College (Sawer 1911a) to test the question of the possibility 
of this cake having any detrimental effect on animals. Increas- 
ing quantities up to 7 lb. a day were given a heifer without any 
ill effects. Another heifer was fed on a patent cake, and then 
a sudden change was made to soybean cake, and in this case 
also no difference was observed. 

A few instances are recorded in England and Scotland where 
cattle were claimed to have been poisoned by prussic acid in 
soybean meal. It was established, however, that the meal 
or cake was not only an excellent feeding stuff, but that it contained 
practically no hydrocyanic acid. 

Poisonous effects resulting from the use of soybean meal from 
which the oil had been extracted by the solvent process led to 
a series of inquiries and investigations. According to conclusions 
reached by investigators plenty of evidence was found that 
soybean meal extracted with naphtha does not cause poisoning, 
but it appears that the trouble was caused by the use of soybean 
meal extracted with trichlorethylene, although this is not poison- 
ous when given to cattle in from 1 to 3 oz. doses and for long 
periods. It was suggested (1) that the products from trichlore- 
thylene by heat may be poisonous; (2) that the trichlorethylene 
in contact with soybean meal and heat to drive off the former may 
form a poison; or (3) that some of the trichlorethylene was impure 
and contained other bodies. It was emphasized that sheep and 
pigs were not affected by the meal and in the case of cattle suspi- 
cion only attaches to meal extracted with trichlorethylene, and 
therefore it is not advisable to use this solvent as an extractor. 

Owing to its high content of protein, soybean meal should be fed 
with the same precautions as are observed with other highly concen- 
trated feeds, otherwise it may give rise to digestive troubles. 

Soybean Meal as Fertilizer.—The utilization of soybean meal 
as a fertilizer has been confined almost entirely to Asiatic coun- 
tries. For centuries bean cake has been sent to the sugar planta- 
tions of southern China, and its use gradually spread to the 
plantations in Java and other tropical islands. The high fertil- 


SOYBEAN CAKE OR MEAL 217 


izing value of the cake has long been recognized by the Japanese, 
who import large quantities annually for use in the rice fields and 

_as an alternative manure for mulberry trees. In Manchuria 
large amounts of cake are used annually on poor soils for both 
field and garden crops. 

Although large quantities of soybean cake have been imported 
into the United States and Europe during the last few years, there 
is no mention of its use in the manufacture of commercial fertili- 
zers. With the production in the United States of bean meal and 
oil from domestic-grown beans, fertilizer manufacturers became 
interested in the possibilities of the meal and purchased consider- 
able quantities for this purpose. 

Like cottonseed meal, soybean meal contains considerable 
amounts of phosphoric acid: and potash, a large proportion of 
which is “available,”’ but it is principally valued in fertilizers as a 
source of nitrogen. From the fertilizer standpoint, soybean meal 
is richer in plant food constituents than is cottonseed meal, and if 
the price is determined on the same basis as that used in 
calculating the fertilizing value of cottonseed meal, the soybean 
meal is a more valuable substance. Its composition with refer- 
ence to fertilizing constituents and a comparison with cottonseed 
meal are shown in the following table. 


Taste XCI.—Fertivizinec ConstTITuENTS OF SoyBEANS, SoYBEAN Mrat, 
AND CoTTroNnsEED Mean. CoMPILED FROM VARIOUS SOURCES 


Constituents, per cent. 


Crop or product oo — 

Nitrogen | Ammonia | EireD ous Potash 
BOY DGALS a esau say 6.51 7.90 1.36 1.82 
Soybean cake........ O20 8.23 1.33 2.00 
Soybean meal......... 7.24 8.79 1.44 1.85 
Soybean meal......... 7.72 9.37 1.36 1,82 
Soybean meal......... 7.48 1.40 1.83 
Soybean cake!........ a 1S 8.72 2.37 2.92 
Cottonseed meal...... 6.79 8.24 2.88 Tad 


While soybean meal, as shown in the above table, has a high 
value as a fertilizing material, a more economical use is to feed the 
meal to livestock and apply the resulting manure to the soil. 
Feeding experiments indicate that much of the fertilizing value 
of feeds is recovered in the manure. 

1 Oil extracted by solvent process. 


CHAPTER XIII 
SOYBEAN PRODUCTS FOR HUMAN FOOD 


The soybean has been utilized for many centuries by the 
Chinese and Japanese in the preparation of a great variety of 
fresh, fermented, and dried food products which form an indis- 
pensable part of their diet. The numerous food preparations of 
the soybean not only give flavor and relish but supply to a very 
considerable extent the protein that in the diet of the Western 
people is furnished largely by meats. Some of the soybean 
products are eaten at every meal and by rich and poor alike, 
especially in the interior of Oriental countries, where sea food is 
not obtainable. The soybean is seldom used by the people of the 
Orient for boiling or baking as is done with the field or navy bean 
‘by the Western people. 

Numerous attempts have been made to introduce the soybean 
and its products into European countries and America for food 
but until recently without much success. In 1875 Professor 
Haberlandt (1877) of Vienna began an extensive series of experi- 
ments with the soybean and strongly urged its use as a food plant 
for man and animals. Although interest was increased in its 
cultivation during the experiments, the soybean failed to obtain 
any great importance in Europe until about 1909, when immense 
quantities of beans were imported from Manchuria for the pro- 
duction of oil and meal. Through the efforts of the oil manu- 
facturers, soybean flour found favor in the manufacture of 
foodstuffs. 

Although the soybean as an article of food has attracted atten- 
tion at various times in the United States, thus far it has been but 
little used. For several years, a few food companies have had on 
the market special soybean flour prepared for persons requiring 
a food of low starch content. Since 1916 the dried beans have 
come to be used extensively in the manner of the field and navy 
beans. Several manufacturers have recently begun the manu- 
facture of different foodstuffs from the soybean such as breakfast 
foods, crackers, baked beans, soy flour, and soy sauce. 
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Food Value of the Soybean.—The importance of legumes as a 
class is becoming more generally recognized as an economical 
source of protein. In view of the richness of the soybean in 
nutrient constituents and the extent to which these are assimilated 
by the body, the soybean deserves a high rank as an important 
food material. 

The food value of the soybean in comparison with other 
legumes and important foods is indicated in the following table: 


TaBLE XCII.—ANALYSES AND CALORIES OF SOYBEANS COMPARED WITH 
THOSE oF OTHER LEGUMES AND Foops. CompiLED FROM VARIOUS 


SourcEs 

) Protein, Fat, Carbo- Ash, Water, | Calories 

Food per per hydrates, per per Ber 

cent. cent. per cent. | cent. cent. b. 

Aopen] eer reek Seeetele ges Aaa ie 34.0 16.8 33.7 4.7 | 10.8 1,970 
NAVY DEAT. 25 S23 nieoeo 1.8 59.6 3.5 | 12.6 1,605 
2112 A aah a Se ee ae 24.6 10 62.0 2.9 9.5 1,655 
COW Ct ro erste co ge x utc aM 21.4 1.4 60.8 | 3.4 | 18.0 | 1,590 
Rentisne tn. + te meee owe 1.0 59.2 oad 8.4 1,620 
aT GALI <8 euttoterre 18.1 ivan. 65.9 4.1 | 10.4 1,625 
Frijoles (Mexican)...... 21.9 ie 65.1 4.2 (26- 11,695 
PSA ihae ees fee oe 25.8 | 38.6 24.4 2.0 9.2 | 2,560 
COS PRE far ge eyes a 14.8 10.5 IPO Meta e 720 
Bertstesle.o5..5; ve. ac. 18.6 | 18.5 10S CUO 30 
Pork Chapsitn...cac7. 24 16.9 | 30.1 her 1.0 | 52.0 | 1,580 
Cottage cheese. ....7... 20.9 D0 4.3 LB) i) 250 510 
Ge ee cet oc 5, sis d.ahods 8.0 2:0 77.0 Oe abate 1,720 
La nal, 2S co ar era 10.0 4.3 73.4 i ed Olas 1,800 
ae Rep eet ey as 8 11.8 5.0 69.2 o..0 We LL 8 1,720 
{ITEC ee (OB ied. 73.7 Pere LORS 1,750 
Buckwheat....... 10.0 22 73.2 2.0 | 12.6 1,600 
LRA ota rd te cena eee 12.2 / 15 73.9 1.9 | 10.5 1,750 


Osborne and Mendel (19176) have conducted rather extensive 
investigations with the proteins of the soybean in comparison 
with other proteins. On diets containing either the soybean 
meal or the commercial cake as the sole source of protein used 
together with fats and “protein-free milk,” several broods of 
young rats have been produced and the young grew normally 
on the same diet. These investigators cite this as a demonstra- 
tion of the nutritive efficiency of the soybean, in striking contrast 
with the adverse results obtained with kidney beans and garden 
peas. They also state that so far as they are aware the soybean 
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is the only seed hitherto investigated, with the possible excep- 
tions of flax and millet, which contains both the water-soluble 
and the fat-soluble unidentified dietary essentials or vitamines. 
This fact, taken with the high physiological value of the protein, 
lends a unique significance to the use of the soybean as food. 

Daniels and Nichols (1917) have also investigated the nutritive 
value of the protein of the soybean. In a series of feeding 
experiments with rats it was found that animals fed rations con- 
taining 15.6 and 18.7 per cent. of protein obtained solely from the 
soybean have grown normally, and in the latter case have pro- 
duced successive litters of young which in turn have reproduced. 
It is concluded that this is sufficient evidence that the protein 
of the soybean fulfills all physiologic requirements and appears | 
to be quite as valuable as the casein of milk. The investigators 
state that these findings were somewhat surprising in view of 
the fact that the protein of other legumes, namely peas and white 
beans, has been found wanting. The above results are compara- 
ble to those obtained by Osborne and Mendel. 

Digestibility of the Soybean and Its Products.—Although it 
is well-known that proteins and fats are essential materials in 
animal nutrition, recent investigations indicate that both the 
nutritive value and digestibility vary with proteins from different 
sources, and that this difference is due to the particular amino 
acids which they yield upon hydrolysis. The digestibility of 
the protein of the soybean is estimated between 65 and 92 per 
cent. and of the fat between 70 and 80 per cent. 

Oshima (1905) in a summary of Japanese nutrition investiga- 
tions gives as the average of two experiments, the coefficients of 
digestibility, 65 for the proteins, and 85 for the carbohydrates 
of the soybean. The first two experiments were made with beans 
simply boiled, the skins not being removed by cooking. In one 
experiment the quantity of beans eaten was very much larger 
than in the other, and the absorption was decidedly lower. 

The fat of the soybean has been found to be well assimilated 
by human subjects. Korentchewski and Zimmerman (1905) 
conducted a series of experiments in which the subjects digested 
95 to 100 per cent. of the oil without digestive disturbances. 

In experiments with tofu, Oshima (1905) found the coefficients 
of digestibility by humans in one experiment 96 for protein, 97 
for fat, and 88 for carbohydrates, and in another experiment, 98 
for protein, 95 for fat, and 89 for carbohydrates but the second 
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experiment lasted only 2 days. With tofu cake (soybean 
residue) the coefficients were for protein, 78.7, for fat, 84.3, and 
for carbohydrates, 82.8. The coefficients of digestibility of yuba 
were 92.6 for protein, 95.7 for fat, and 86.8 for carbohydrates. 

The results obtained in the different investigations indicate 
a very high degree of digestibility of the constituents, when it 
is properly prepared for food. The numerous food products 
prepared by Chinese and Japanese show that important con- 
stituents are more readily assimilated from them than from beans 
simply boiled. 

Mature or Dry Soybeans.—Many schools of cookery and 
domestic science and the United States Department of Agricul- 
ture have shown that the dry or mature soybeans can be used 
satisfactorily after the manner of navy or other beans. Though 
the flavor, which differs with the variety, is not very prominent, 
soybeans are very palatable. The lighter colored varieties, yellow 
and green, are best for food, as the dark ones usually have a 
stronger, less pleasant taste; however, some of the light brown 
varieties have a very agreeable flavor. 

Because of their high fat content and compact texture, most 
varieties of soybeans do not cook soft so readily as the navy or 
field beans. The method of cooking, however, may cause the 
beans to remain hard and tough. If cooked properly, soybeans 
do not require much longer soaking and cooking than the ordin- 
ary beans. One variety, the Easycook, has been found by the 
Department of Agriculture to cook fully as soft as the navy 
bean in less time after the preliminary soaking of 12 hours. 
Experiments with a large number of varieties have shown that the 
time required for cooking the beans tender varies to a considerable 
extent with the variety. The Haberlandt requires less time to 
cook tender than the Mammoth Yellow. When boiled, the 
beans can be used for baked beans, soups, croquettes, loaf, and 
many other dishes. In China the dried beans are soaked in 
water and roasted, this product being eaten after the manner of 
roasted peanuts. 

Immature or Green Soybeans.—When soybeans are from 
three-fourths to full grown, the bean makes a most palatable 
and nutritious green vegetable (Fig. 58). The yellow, brown, and 
green seeded sorts are excellent for this purpose, being shelled 
and caoked like lima or other green or immature beans. The 
pods are rather tough and not desirable to eat. The beans are 
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rather difficult to remove but after cooking in the pods for about 
5 minutes shell out very easily. These beans may also be 
canned the same as green peas or lima beans and make an excel- 
lent green vegetable. One large canning company has success- 
fully canned green soybeans on a commercial scale. As they 
are much cheaper than lima beans and equal in quality, this 
promises to become an important industry. 

The composition of the soybean when about full grown is as 


follows: Moisture, 70.24; protein, 10.53; fat, 5.68; starch, 2.00; 


sugar, 2.59; fibre, 1.98; ash, 1.92. 


Fig. 58.—Seeds and pods of the Hahto variety of soybeans, the seeds being 
especially valuable as a green vegetable. 


In preparing for the table, cook the beans until tender, chang- 
ing the water once. Season with salt, pepper, and butter or 
combine with a white sauce made from one cup of milk, two table- 
spoons of flour, and one tablespoon of butter. 

Soybean Flour.—Soybean flour, though as yet not a common 
commodity, has been used for many years in America and Europe 
in invalid dietetics. This flour which is made by grinding 
either the whole beans or the press cake remaining after the oil 
has been removed from the bean, is becoming an important article 
of food in America and European countries as it is of high food 
value and can be used as one of the ingredients of many palatable 
_ and nutritious dishes. 
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Utilization and Products—Extensive investigations have been 
conducted by the United States Department of Agriculture and 
Domestic Science Schools relative to the utilization of soybean 
flour. It has been found that this flour can be successfully 
used as a constituent for bread, muffins, biscuits, crackers, 
macaroni, and in pastry. In these various food products about - 
one-fourth soy flour and three-fourths wheat flour have been 
found to be the proper proportion. In some of the pastry 
products, however, as much as one-half soy flour can be used. It 
will be found that in several dishes, as soybean mush, soy flour 
can be used entirely. 

In the United States soybean flour is on the market, being put 
up like ordinary cereal flours; also in special packages for invalids. 
In England, manufacturers have placed on the market a so-called 
“soya flour’? which is 25 per cent. soybean flour and 75 per cent. 
wheat flour. This soya flour is being used by bakers in making 
a soy bread which is very palatable and is extensively used by the 
English bakers. A similar flour is said to have been manu- 
factured in Holland for 25 years. Soya biscuits and crackers are 
also manufactured from this flour and constitute articles of export 
from England. 

German millers have been experimenting to some extent with 
soy flour in making brown bread by mixing with rye flour. As 
to the extent to which this bread is used, no data are available, 
but it is known that soybean flour, on account of the large propor- 
tion of protein and phosphates it contains, as well as the palatable 
products made from it, found favor as a foodstuff. Soybean flour 
enters largely as a constituent in many of the so-called diabetic 
breads, biscuits, and crackers manufactured as food specialties. 
It also is utilized in the manufacture of breakfast foods and can 
be used in the preparation of vegetable milk and bean curd. 

Composition and Value for Invalids—The soybean contains 
at the most but a slight trace of starch, and extensive experiments 
in American and Europe indicate the value of the bean and its 
products as the basis of foods for persons requiring a low starch 
diet. When a special food of low starch content is desired, as 
for diabetic persons, a larger proportion of soy flour is used and 
some form of gluten is substituted for the wheat flour. The 
addition of soy flour changes the proportion of protein and 
carbohydrates in the mixtures as will be noted from the composi- 
tion of flours shown in Table XCIII. 
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Taste XCIII.—Composition or SOYBEAN FLouR IN COMPARISON WITH ~ 
Wueat Friour, Corn Meat, Rye Fiour, GrawaM FLour, AND 
Wuo.te Wueat FLouR 


a 


Constituents, per cent. 


Flour or meal ; ; Cabos 
Water, Ash, Fat, Fiber, Protein, hydrates, 

per cent.| per cent.| per cent.| per cent.| per cent. per cent. 

Soybean! cate a Ould [ee Me 2007 Lae ge 39.56 | 26.63 
SOvy DEAN? tre. cutee ae 6.10 | 6.20 4.50 | 2.05 47.30 33.85 
Wiheatias0 sa sees 12.00 | 0.45 1.00 | 0.20 11.00 77.35 
Worn;mealen... eee 10.00 | 0.90 2.70 | 0.80 8.50 77.10 
RyeSuc aot eee 9.00 | 1.10 1.50 | 0.65 12.00 75.85 
Graham...) eee oO) OOTlEsO 2.20 | 1.90 12.60 71.90 
Whole wheat........ 10.90 | 1.05 2.00 | 1.00 12.00 73.05 


Friedenwald and Rur&h (1910) concluded after a series of 
investigations that the soybean is a valuable addition to the diet- 
ary of diabetics on account of its palatability and the numerous 
ways in which it can be prepared. It was also found that the 
soybean in some ways causes a reduction in percentage and total 
quantity of sugar passed in diabetic subjects on the usual dietary 
restrictions. 

Value for Infants.—In view of the difficulty to supply sufficient 
protein that can be digested and assimilated in the feeding of 
infants and some young children, Rurah (1910) carried on investi- 
gations with the soybean as an article of food. In summer 
diarrhea and certain forms of intestinal disturbances, a weak 
gruel (one to two level tablespoonfuls to the quart), made from 
soybeans, or, preferably from the gruel flour of the bean was 
found of great value. As a rule it was well borne and digested, 
and rarely causes either vomiting or an increase in diarrhea. 

After more extended investigations Rurih (1915) states that 
mixtures of condensed milk and soybean gruels will be found one 
of the most valuable additions to the dietary of the infant. The 
class of cases and circumstances in which this mixture is to be 
advised is outlined as follows: When fresh milk cannot be obtained, 
or when the milk supply is very objectionable; in summer, when 
there is some question concerning the milk supply, and then in 

1 Flour made from the whole bean. 


? Flour made from soybean cake.’ Analyses made by Bureau of 
Chemistry, U. S. Department of Agriculture. 
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instances where the infant is found to be incapable of digesting 
cow’s milk. It may also be of service in cases of chronic vomit- 
ing, and particularly as a food after summer diarrhea. After 6 
years of experience this investigator states that the soybean can 
be used without any danger. It permits a perfectly normal 
development as far as bones are concerned, and in success- 
ful feeding the infants present the appearance of breastfed 
babies. 

Digestibility of Soybean Flour.—Bowers (1919) made rather 
extensive investigations on the nutritive value and digestibility 
of soybean flour. It was found that the protein of the flour 
when thoroughly cooked is about 91 per cent. digestible by man 
(making metabolic corrections), thus comparing favorably to the 
proteins of patent wheat flour. The carbohydrates, although 
consisting largely of dextrin, pentosan and galactan, are about 
94 per cent. digestible. It was proven in more extended 
study of the digestibility of the different carbohydrates taken 
separately that the sucrose, amounting to about 3 per cent., is 
practically 100 per cent. digestible; the raffinose amounting to 
about 1 per cent., is thoroughly digestible; the dextrins are 
essentially 100 per cent. digestible; the slight amount of starch, 
amounting to less than 1 per cent., is thoroughly digestible; the 
hemiceluloses, amounting to about 6 per cent., are about 93 per 
cent. digestible; and, the cellulose is about 77 per cent. digestible. 
The calcium oxide content of soybean flour was found to be 0.27 
per cent., and phosphorous pentoxide 1.52 per cent. No salicylic 
acid was found in the flour, and no hydrogen cyanide or cyanates 
were found. A very slight trace of tannin and also a slight trace 
of alkaloids were found in the flour. 

Soybean Bran.—According to Bowers (1919) the bran of the 
soybean can be separated by milling more easily and more com- 
pletely than can the bran of wheat. The bran makes up about 8 
per cent. of the soybean and is composed chiefly of crude fiber 
and nitrogen free extract. The crude fiber amounts to about 37 
per cent. and the nitrogen free extract to about 43 per cent. 

Experiments with the bran show that the nitrogen free extract, 
including the hemicelluloses and the waxes, is about 84 per cent. 
digestible, which is much less than that of the whole bean. This 
is judged to be on account of the large amount of waxes in the 
nitrogen-free extract of the bran. A diet consisting of well cooked 
soybean bran appeared to have no ill effects. No noticeable 

15 
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amount of gas indicating fermentation, as is the case with navy 
bean bran, was noticed with the soybean bran. 

The calcium oxide content of the bran was found to be 0.8 per 
cent. and the phosphorous pentoxide content, 0.27 per cent. No 
salicylic acid was found in the bran, and no hydrogen cyanide or 
cyanates in the samples tested. There was no trace of tannin 
in the bran and only a slight trace of alkaloids. 

Soybean Sprouts.—Sprouts grown from soybean seed are used 
extensively by the Chinese as a green vegetable in a great variety 
of dishes. Bean sprouts furnish a fresh vegetable dish during 


Pa 


Fia. 59.—The basket to the left of the photo contains sprouted, small, yellow 
soybeans, while the one on the right holds sprouted mung beans. (Photo- 
graphed by F. N. Meyer, Agricultural Explorer, U. S. Dept. of Agr.) 


the whole year, especially in the winter when green vegetables are 
scarce. The yellow- or green-seeded varieties are most generally 
used for growing sprouts. 

In preparing the sprouts the beans are thoroughly washed and 
then poured into a large vessel (usually an earthen jar) which is 
about 3 ft. high and 1!4 ft. in diameter. At the bottom of the 
vessel small holes are made for draining the excess water from 
the beans. A bamboo mat or cloth is placed at the bottom of the 
vessel to prevent the beans from running out of the holes. After 
the beans have been poured in, the vessel is covered with a 
straw cover to keep out the light. The beans must be moistened 
at least three times each day during the summer and twice a 
day during the winter. In the winter it is advisable to add warm 
water and keep the vessel in a warm place. The beans are 
usually kept in the vessel from 3 to 5 days in the summer and 
about 15 days in the winter. At the end of the time the sprouts 
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are fully grown (114 to 2 in. long) and ready to be used or 
taken to the market for sale (Fig. 59). 

Bean sprouts are considered a great relish and are eaten as a 
common vegetable throughout the whole year. The sprouts are 
sometimes boiled with salt, bean oil, or rape seed oil. They are 
also boiled and eaten with rice and millet. Salads of various 
sorts may also be prepared with the sprouts as the chief ingre- 
dient. The sprouts, in fact, may be utilized in almost any 
way that green vegetables are used and require only a very short 
cooking. iG 

The Mung bean {Phaseolus aureus) is perhaps used more 
generally then the soybean for sprouts. The following table 
gives the composition of the sprouts obtained from the soy 
and mung beans according to Li Yu Ying and Grandvoinnet 
(1911-1912). 


TaBLE XCIV.—CompositTIoN OF THE SPROUTS FROM THE SOYBEAN AND 
Mune Bran 


Soybean Mung bean 
Water ne aa sek eres ont a eens Ries cave facta, os 66.98 91.21 
Nitrogencuanmsteriais,.%. 2266... .0. 62 el ois 14.73 3.41 
TER iep Ee ene ee es Paths, cnc la ts bh Opie 5.95 2875 
BT evel nye ose hy oe SEE ee eee ee 4.04 2°12 
Minrecalisn seperti. wu miles 4 mit a2 Sagi" | 3.41 0.48 


Soybean Coffee.—When properly roasted and prepared, the 
dried beans of any variety of soybeans make an excellent coffee 
substitute. As such the soybean has been used to a slight extent 
for many years in Europe, especially Switzerland, and in the 
United States. It is recorded that during the period of the Civil 
War the soybean was used rather extensively in the southern 
states as a coffee substitute. For a considerable while seedsmen 
sold the Ito San variety under the names Coffee Berry and Coffee 
Bean. In Japan and southern Russia soybean coffee is prepared 
and put up in small packages for the market. This product is 
ground very fine and has much the appearance of coffee essence. 

Prepared as coffee, the soybean gives a liquid of the same color 
and odor as coffee and somewhat the flavor of a cereal beverage. 
Those fond of cereal drinks pronounce the soybean beverage equal 
to the best of the preparations on the market. According to 
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Li Yu Ying and Grandvoinnet (1911-1912) the soybean dried 
and roasted, such as is used in Switzerland, has the following 
composition: Water, 5.27; cellulose, 4.97; carbohydrates, 34.76; 
fat, 18.01; total materials soluble in water, 49.07. 

Soybean or Vegetable Milk.—Soybean or vegetable milk 
is said to have been originated by the Chinese philosopher, 
Whai Nain Tze, long before the Christian Era and is known 
to the Chinese under the name of Fu Chiang or bean curd sauce. 
This is not only used in the fresh state by the Chinese but is 


Fie. 60.—Machinery with which the soybeans are ground and the milk 
strained. Note the two grinding stones and the cloth strainers suspended from 
the ceiling over the tub. The cabinet with rack for bottles is noted in the back- 
ground. 


. 


also condensed by the Japanese the same as cow’s milk. It 
also forms the basis of the various kinds of bean curd or vege- 
table cheese which are so extensively used throughout the 
Orient. Attempts have been made at various times to place 
this bean milk on the market in European countries and America 
but without much success. In some parts of the United States, 
vegetable milk is used in special cases and attempts are being 
made to manufacture this milk in the form of a powder on a 
commercial scale. 

Preparation of Soybean Milk.—The straw-yellow or yellowish- 
green seeded varieties of soybeans are always used in the manu- 
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facture of vegetable milk. The beans are first thoroughly 
washed and then soaked in water for several hours. This 
soaking causes the beans to swell up and is said to facilitate 
the extraction of the bean proteids. After the beans are soaked 
they are ground through a native mill (Fig. 60) which consists 
of two pieces of flat circular stone, one on top of the other. The 
top stone is turned around by 
hand against the lower one. 
The beans are fed through a 
hole near the edge of the upper 
stone and the fluid flows out 
between the two stones and is 
allowed to run into a tub. 
In the modern factories motor 
stone mills are used for crush- 
ing the beans (Fig. 61). The 
crushed mass is_ strained 
through a cheese cloth, diluted 
with water (usually three 
times the amount of water as 
there is of bean material) and 
boiled. After boiling, it is 
again strained and the white 
milk run off into containers. 
Soybean cake or meal from 
which the oil has been ex- 
tracted can be successfully 
used in the preparation of __ Fia. 61.—Motor stone mill for grind- 
vegetable milk. ‘The whole ing sevbouns in pronering 15, (own 
bean meal or flour can be used _ reservoir. (c) Stones. (d) Brass guard. 
in the same manner and gives 
fully as good results as the Chinese method of soaking the 
beans. This method of preparing the milk from whole bean 
flour offers rather a convenient manner of preparing the milk 
and at the same time greatly reduces the amount of time. The 
beans may be ground through a coffee mill or small hand-mill. 
Either with the extracted meal or whole bean meal, one part 
meal and seven parts water are required. The meal is added 
to the boiling water and the mixture boiled for 10 minutes 
stirring constantly. Experiments with the different methods 
of preparing the milk have shown that as much bean curd can 
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be obtained by use of the meal as with soaking the beans and 
crushing, the latter being the method used in the Orient. After 
the meal and water are boiled, the mixture is strained through a 
cheese cloth. If amore concentrated milk is desired, the propor- 
tion of water may be reduced. 

Composition of Soybean Milk.—The composition of vegetable 
noilk will vary with the variety of beans used and with the method 
of manufacture. This milk is quite comparable to animal 
milk as shown in the following table. 


Taste XCV.—Composition or SoyBEAN MiLtK CoMPARED witH Cow’s 
Mix. CompiLep rrom VARIOUS SouRCES 


Kind of mink | Water | Protin. | Fats. | nydrates,| substances, | Ath. 
| 
SLOMMOCEEN SN: baad on evict 92.00 |} 3.70 | 2.00 1.80 ae 0.50 
SoyDealls we. shee 80.00 | 4.95 2.94 1.34 ak 0.44 
Soybeans. ce) Souza | on Lo 3.10 3.02 1.02 0.45 
Soy beanie sae aes) 2b OniSsn 02 2.13 0.03 1.88 0.41 
Coweta Ge alee 86.06 | 3.05 4.00 5.00 1.19 0.70 


According to Prinsen (1896) the fresh filtered milk has an 
alkaline reaction but Bloch (1906) found an acid reaction. 
Li Yu Ying and Grandvoinnet (1911-12) have always found 
in their investigations that the milk has an acid reaction and the 
grain itself reddens litmus paper. The properties of soybean 
milk may be said to be similar to those of animal milk. Acids, 
rennet, pepsin and certain salts will precipitate the proteid 
materials as with animal milk (see bean curd). Li Yu Ying 
and Grandvoinnet (1911-12) found that the lactic ferments 
act in the same way both with vegetable and animal milk. The 
ferments of certain European cheeses act similarly upon vegetable 
milk. Rennet curdles vegetable milk but the temperature 
is raised a little more than with cow’s milk. The ferments 
which have been extracted from soyu exercise the same coagula- 
tive action upon animal and vegetable milk. 

As vegetable milk is artificial, it is quite evident that the 
composition can be varied somewhat. However, there is a 
maximum which can not be exceeded if a complete dissolution 
is obtained. This is said to be reached with about 80 per cent. 
water. 
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Residue from Manufacture of Vegetable Milk.—After separating 
the milk from the solid material, the residue is still very rich in 
nutritive substances. According to Bloch (1907) and Li Yu Ying 
(1911-12) this material contains no trace of starch. Bloch 
(1907) gives the following composition of this vegetable milk 
residue: Water, 88.75; nitrogen, 0.248; ash, 0.36; fat, 0.04; and 
other substances, 10.85 per cent. 

Utilization of Soybean Milk.—Vegetable milk has rather a 
strong characteristic taste and odor, somewhat suggesting malt. 
These may be masked by the addition of a small quantity of 
coumarin or vanillin. Vegetable milk may be used the same 


Fig. 62.—Photograph of delivery coolies showing the way soybean milk is 
delivered by the factory in Changsha, China. The bottles in use there are 
purchased secondhand on the streets in Changsha. They are cleaned and when 
filled with milk are sealed with paper. 


way as cow’s milk. In China this milk is drunk by the Chinese 
in the early morning with some sugar added. It is also eaten 
as a thin broth with salted pickles. Vegetable milk is extensively 
used throughout China for infant feeding. In many of the cities 
and towns of China, factories are engaged solely in the manu- 
facture of vegetable milk. This milk which is bottled is delivered 
(Fig. 62) each morning to regular customers. 

Investigations in America and Europe with vegetable milk 
indicate that it may be successfully used in place of cow’s milk 
in numerous preparations. The milk has been used with good 
results in bread, cakes, in creaming vegetables, in custards, 
in chocolate or cocoa, and in milk chocolate. In special thera- 
peutic cases, vegetable milk has been used successfully in place 
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of animal milk and is said to rank closely to mother’s milk in 
infant feeding. If allowed to remain in a warm place, the milk 
becomes sour, like animal milk, and in that form may be 
employed just as is sour milk or buttermilk. Various ferments 
may be also used to bring about this condition. 

The milk made from the soybean also serves as a check on 
the very prevalent summer diarrhea common to children. 
Sinclair (1916) experimented on babies, who had various ailments, 
and found that soybean milk brought improvement in the 
great majority of cases, curing diarrhea and intestinal distur- 
bances. It was also found that the milk was easily digested and 
easily excreted. 

Condensed Vegetable Milk—In Japan a concentrated or 
condensed milk is prepared from vegetable milk after the addi- 
tion of sugar by evaporation. This condensed vegetable milk, 
though not so pale in color, resembles in nutritive value and 
keeping qualities condensed cow’s milk. Katayama (1908) 
conducted rather extensive investigations with this product. 
It was found that on direct evaporation after addition of sugar 
the dissolved protein tended to separate into little flocculi. 
The addition of a small amount of dipotassium phosphate 
prevented this separation. In 4 liters of vegetable milk, 
Katayama (1908) dissolved 4 g. of dipotassium phosphate 
and 600 g. of sugar. This solution was then concentrated 
in a vacuum to a very thick liquid like condensed milk. The 
investigator is of the opinion that this condensed vegetable milk 
can replace the more expensive cow’s milk for culinary purposes, 
for sweetening coffee and tea, and in the preparation of chocolate. 

Investigations were conducted by Katayama to find if the 
adulteration of condensed cow’s milk with vegetable milk could 
be easily detected by chemical means. It was found that if 
upon the addition of sodium carbonate, a yellow coloration 
resulted, the presence of vegetable milk was indicated. If a 
portion of the suspected milk is mixed with double of its volume 
of water and one-tenth distilled off after the addition of a few 
drops of diluted sulphuric acid, the characteristic odor of raw 
beans will develop. A further test consists in separating the 
casein of cow’s milk with rennet and adding some calcium 
nitrate to the filtrate. A precipitate indicates the presence of 
the globulin of soy milk, the so-called glycinin. 

Vegetable Milk Powder.—Vegetable milk can also be dried and 
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reduced to a powder. The method of preparing vegetable milk 
powder is the same as for the manufacture of powder from 
animal milk. Vegetable milk powder is very rich in protein 
and fat. The composition of this powder according to Li Yu 
Ying and Grandvoinnet (1911-12) is: Water, 7; protein, 46.04; 
fat, 27.60; carbohydrates, 12.36; and mineral salts, 6.0 per cent. 

Fermented Vegetable Milk.—As fermented milks are being used 
to a greater extent in therapeutics, it is possible to replace suc- 
cessfully cow’s milk with vegetable milk. The same ferments 
used with animal milk can be used with vegetable milk. If the 
carbohydrates are not sufficient in the vegetable milk, the addi- 
tion of lactose will furnish the desired proportion. The advan- 
tages of using fermented vegetable milk are that it is economical 
and not so easily contaminated with injurious bacteria - or 
ferments. 

Vegetable Casein.—Vegetable casein can be prepared from 
soybean milk by precipitating the lezumin from the milk, purify- 
ing by several washings and precipitations and finally by drying. 
The soybean casein obtained in this manner is a yellowish powder 
closely resembling animal casein prepared in the same manner. 
It is the general opinion that vegetable casein has a coefficient of 
digestibility much less than that of animal casein. According 
to the investigations of Labbé (1911), however, vegetable albumin 
is quite as readily assimilated as animal albumin. While 
vegetable casein has some differences from animal casein, about 
the same differences exist between the caseins of different animals. 

According to Beltzer (1911), the manufacture of vegetable 
casein from the soybean has become an established industry in 
Cochin China. The extraction of the casein for industrial 
purposes is obtained from the meal, after the extraction of the 
oil from the bean. The cake or meal coming from the oil press 
is ground under millstones with cold water, and the homogeneous 
milky material thus obtained, after kneading in the vats, is 
passed through a filter press. The residue is subjected to the 
same process and a second lot of milk obtained. The milky 
fluid is poured into cylindrical wooden vats and heated to the 
boiling point by tinned copper worms. To each 1,000 liters of 
liquid 1 kilogram of calcium sulphate (plaster of paris) is added. 
This causes a precipitation of the vegetable casein which is 
collected on cloth filters. It is now dissolved in diluted soda 
lye, weak enough for the reaction to be neutral or slightly alkaline. 
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‘Then after filtering it is precipitated with acetic acid, left to 
evaporate in the open air, and the precipitate dried at a low 
temperature. One hundred grams of soybean seed yields about 
25 grams of casein. 

The casein obtained from the soybean can be employed in the 
same ways as animal milk. This vegetable casein is utilized 
for food and for industrial purposes. The various uses of soy- 
bean casein are: Medium for paints, dressing for textiles, size 
for paper, Galalith, waterproofing for textiles, etc. As a food 
it is used as ‘‘Soy-casein,’’ a flour like Nestle’s, with which 
sauces, bread, jam, milk, fermented milk, cheese, and concen- 
trated biscuits may be made. 

Tofa or Soybean Curd.—When a mineral salt or acid is 
added to soybean milk, coagulation is produced which is similar 
to that produced by the same means in animal milk. If the 
precipitated mass is allowed to drain and is subsequently washed, 
a sort of white cheese or curd is produced. This cheese is called 
““Teou fu” by the Chinese, ‘Tofu’ by the Japanese, and ‘‘ Dan 
Phu” by the Annamites. It is said to have been originated by 
the Chinese philosopher, Whai Nain Tze, before the Christian 
Era, and was undoubtedly introduced into Japan from China by 
the Buddhists. For the Buddhist priests, as well as the strict 
adherents to Buddhism who eat no animal food, it forms a very 
popular and almost indispensable article of diet. 

Method of Manufacture —The method of manufacture of bean 
curd varies to some extent in different parts of the Orient. The 
first stages of manufacture are the same as for the production 
of soybean milk. A small quantity of magnesium chloride 
(about a 1 per cent. solution) which has been previously dissolved 
in hot water, is mixed thoroughly in the hot milk. Through the 
action of the magnesium chloride, the proteids are coagulated. 
The water which accumulates on the top is partly drawn off and 
thrown away. The solid substance which remains is dipped 
out when still warm into square wooden trays about 3 in. 
deep, in which cloth has been previously spread. The ends ‘of 
the cloth are folded over and a bamboo lid or board placed upon 
it. It is then subjected to pressure by piling several trays 
together with stones on the uppermost one to drive out the mois- 
ture and shape the curd to the size of the tray. After the water 
has been pressed out sufficiently, the cake of bean curd is just solid 
enough to stand handling and is ready to cut into small squares 
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(Fig. 63) and sold for consumption. This bean curd is a whitish- 
gray mass of the consistency of cream cheese. 

Bean curd may also be manufactured from whole soybean meal 
and the cake remaining after the extraction of the oil. The meal 
is added to 5 times the amount of boiling water and boiled for 
10 minutes. The milk is then filtered off and brought to the 
boiling point. A 1 per cent. solution of magnesium chloride is 
added, using it in the ratio of 
about 1 of solution to 4 of 
milk. Experiments by the 
junior author with various 
methods of manufacture indi- 
cate as good results are ob- 
tained with that just described 
as with methods where the 
beans are soaked and crushed. 
When powdered gypsum is 
used, about 11 oz. are required 
for each 40 lb. of beans. 

Coagulating Agents:~The Fig. 63.—Large blocks of freshly made 
coagulating agents most gen- bean curd “Tofu” ready to be cut up 
erally employed throughout, jntosuaresandsoldfer beast, ha 
the Orient are the concen- fzplorer, U.S. Dept. Agr.) 
trated mother liquid obtained 
in the manufacture of salt from sea water, burned powdered 
gypsum, and magnesium chloride. Bloch (1906) has tested 
various mineral salts in their effect of coagulating the pro- 
teids of soybean milk. The results obtained show that the 
chlorides and nitrates of calcium, barium, strontium, magnesium, 
and magnesium sulfate coagulate soybean milk. Li Yu Ying 
and Grandvoinnet (1911-12) obtained coagulation with rennet. 
The junior author has obtained successful results with rennet 
and 1 per cent. solutions of acetic, tartaric, and lactic acids. 
Sour milk has also given satisfactory results as well as the water 
drawn from the bean curd after coagulation. By the use of 
pure salts or rennet the bitter taste which is generally found in 
the curd made by Oriental methods is avoided. 

Manufacturing Yields—Where the manufacture is carried on 
commercially it is said that about 250 lb. of bean curd are 
obtained from 70 lb. of beans. According to Champion (1885) 
120 grams of beans produced 184 grams of curd and Paillieux 
(1880) found 1 kilo of beans to yield 1 kilo 500 grams of curd, 
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The amount of curd obtained according to Oriental methods 
depends on the amount of water used in making (including the 
amount of water used in grinding), the quality of the beans 
and the completeness of grinding. 

The junior author has conducted a large number of tests to 
determine the yield of curd from different varieties. The follow- 
ing table gives the results obtained with varieties in which the 
percentage of protein ranged from 32 to 45. The methodof 
manufacture of curd from each variety was conducted under 
identical conditions. Whole bean flour or meal and a 1 per cent. 
solution of » agnesium chloride (in the proportion of 1 of solution 
to 4 of soybean milk) being used. The moisture was pressed out 
more thoroughly in each case than is ordinarily done in the 
commercial manufacture of the curd. This accounts for the 
lower yield of curd obtained from the amount of bean material 
used as shown in Table XCVI in comparison with the yields 
obtained in commercial manufacture. 


TasBLeE XCVI.—YieELps or BEAN CuRD OBTAINED FROM DIFFERENT 
VARIETIES OF SOYBEANS ? 


Protein, Fat, | ee 
Variety Seed color peas ee a Sele / oe | a ped 
37062 | Straw yellow...... 40.00 | 20.53 50 | 34.3 | 30.5 | Cream 
38218 | Straw yellow...... 39.80 | 16.46 | 50 | 33.2 | 30.2 | White 
36576 | Straw yellow...... 38.25 | 19.56 | 50 | 31.7 | 31.6 | Cream 
BOS) HLOWd) yeas dete sie 40.90 | 15.99} 50 | 30.5 | 30.2 | Gray 
Boom Oliviesyellowercesel acre ares 50 | 29.0 | 32.6 | Cream 
40371 | Straw yellow...... 38.44 | 16.72 | 50 | 28.2 | 31.6 | Cream 
399698 | Browns vceei ek 38.94 | 15.03 | 50 | 27.3 | 31.4 | Gray 
37318 | Yellow & Black....| 38.56 | 19.21 50 | 26.1 | 31.9 | Gray 
3/252 | GreeDies aor one 41.00 | 16.40 | 50 | 25.4 | 31.9 | Greenish 
40117 | Olive yellow....... 42.05 | 13.55 | 50 | 24.0 | 31.0 | White 
37251 | Straw yellow...... 41.30 | 15.62 | 50 | 23.1 | 33.8 | White 
HoT 7h a aM ON NE GS reno daturecthaccoctco.tawll poe o> 50 | 22.0 | 32.8 | Gray 
40115 | Straw yellow...... 36.88 | 15.45 | 50 | 21.0 | 32.9 | White 
SHAUL Ober ieoye cen oll ooao. | wadoe 50 | 20-0 | 82.9 | White 
37335 | Straw yellow...... 38.06 | 17.43 | 50 |19.1 | 33.9 | Cream 
37247 | Straw yellow...... 42.01 | 14.30 | 50 | 17.9 | 33.8 
So OS0T Blacks xcscst.ctoukerd eee eet 50 | 17.1 | 36.2 | Slate 
SOO2 (a Greene a. vecoeer 44.7 14.26 | 50 | 16.6 | 32.6 | Greenish 
38462 | Black.............| 31.94 | 16.85) 50 | 14-1 | 34-8 | Slate 
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Composition of Soybean Curd.—Tofu or soybean curd consists 
principally of the protein matter of the soybean. Inoyiie (1897) 
in a study of the preparation and chemical composition of tofu 
concludes that in the soybean there are contained compounds of 
casein with potassium or sodium which are not coagulated 
by boiling but which yield with the calcium and magnesium salts 
of the brine that precipitate of insoluble calcium and magnesium 
compounds of the casein that constitutes tofu. The separation of 
tofu is said to be due to precipitation and not to coagulation. 
Tofu is especially rich in protein, in fat, and in mineral substances 
which seems to justify the Chinese proverb “Tofu is the meat 
without bone.’”’ About one-fourth of the total amount of the 
proteids in soybeans is contained in the bean curd. According to 
Inoytie (1897), tofu dried at 100° yielded 26.65 per cent. fat and 
4.83 grams of this fat yielded 0.280 grams of magnesium pyrophos- 
phate, which gives 2.035 grams lecithin, amounting to 11.2 per 
cent. of dried tofu, leaving for the genuine fat 15.4 per cent.; 
more of the latter, therefore, is left in the refuse than of the 
former. A portion of the lecithin is said probably to be present 
in the soybean as lecith-albumin. The following table gives the 
compositions of tofu and tofu products, according to different 
investigators. 

Taste XCVII.—Compositions or Toru anp Toru Propucts. Com- 
PILED FROM VARIOUS SOURCES 


i el Carbo- 
Product snap hie ree ead potigtestel Res ae 
LSC ori 9 eg ae eo 88.11 6.29 3.38 1.64 0.58 
(Pest GOL waco we 89.29 4.87 mn 4.35 0.48 
resi? EGR at os a, Ae sce 90.37 6.13 2.36 0.76 
Wpeshr totes ccm ic eens + 89.00 5.00 3.40 0.50 
rag GoLite fon cn teats « 83.85 8.00 4.33 er? 0.37 
WrOZen GOL o.oo 18.72 | 48.65 28.65 233 1.65 
ied toluene a. oes ae aes 57.40 | 21.96 18.72 0.57 1a5 


Digestibility of Soybean Curd.—<According to the results of 
digestion experiments by Oshima (1905), the digestibility of the 
nutrients in bean curd was found to be high. As much as 95 per 
cent. of the protein is digested and about the same proportion of 
fat. The carbohydrates were found to be somewhat less digest- 
ible when the tofu was eaten alone, but when eaten with rice 
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about 99 per cent. of the total carbohydrates of the diet was 
digested. It is quite evident that bean curd is not only a very 
rich substance but is composed of constituents easily assimilated. 

Utilization of Bean Curd and Manufactured Products—Bean 
curd when fresh is rather a tasteless product but it can be and is 
used as the basis of a great variety of preparations. According 
to the greater amounts of coagulating material added and pres- 
sure applied, curds of different degrees of consistency can be 
prepared (Fig. 64). Bean curd can be prepared for preservation 
and transportation. It is generally prepared each day and is 


Fic. 64.—A large bamboo tray full of various kinds of bean curd. In the 
little wooden tubs on the ground the watery sorts of curd are kept immersed in 
somewhat saline water. (Photographed by F. N. Meyer, Agricultural Explorer, 
U.8. Dept. of Agr.) 


eaten in the fresh condition simply with a little soy sauce though 
it is frequently cooked or fried. Following are the principal 
preparations of bean curd used in China: 

Bean-curd Brains or Tofu Nao.—A substance of less consistency 
than the bean curd. It is prepared by adding only a very little 
magnesium chloride or gypsum and is not pressed. It is said to 
be eaten as a broth with sweet oil, sauce, and vinegar sprinkled 
over it. It is also eaten as a stiff broth with the addition of 
finely chopped meats and some spices. 

Dry Bean Curd or Tofu Khan.—This bean curd is much like the 
ordinary bean curd, but instead of being white has a rich brown 
color which has been given by dipping the bean curd squares in 
burnt millet-sugar sauce. Fine salt also has been rubbed on 
them. This form of cheese can be kept for several days and is 
generally eaten in soups. 


SOYBEAN PRODUCTS FOR HUMAN FOOD 239 


Thousand Folds (Chien Chang Tofw).—This product is prepared 
by placing very thin layers of the bean curd on cloths, on top of 
one another, and subjecting them to considerable pressure and 
allowing to dry for a short time. The layers of bean curd are 
then removed and rolled together like a jamroll. It is said to be 
eaten cut into strips, like noodles, in soups. When allowed to 
mold for several days it is fried in sesame oil and has a meat like 
flavor. 


Fig. 65.—Squares of fresh bean curd fried in oil and put on a string of bamboo 
fiber. Called tza tofu (fried bean curd) and said to supply a “‘snack”’ in 
between meals for hard working Chinese laborers. (Photographed by F. N. Meyer, 
Agricultural Explorer, U. S. Dept. of Agr.) 


Fried Bean Curd (Tza Tofu).—The fresh bean curd is cut into 
small squares and fried in deep fat. After a few minutes the 
bean curd pieces float on the surface and they are then taken out. 
This product is often fastened on bamboo fibers (Fig. 65) and 
may be kept for several days. They may also be eaten with 
syrup as fritters. 

Fragrant Dry Bean Curd (Hsiang Khan).—This form is made 
like the ordinary bean curd but great pressure is applied to drive 
out as much water as possible. The squares (Fig. 66) are first 
soaked in a weak brine or bean sauce to which powdered spices 
and burnt millet-sugar have been added and then are thoroughly 
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dried out. The curd becomes very hard and can be kept indefi- 
nitely. It is said to be eaten sliced in soups and in various 
vegetable dishes. 
Frozen Tofu (Kori Tofu).—Frozen bean curd is an excellent 
example of the application of the freezing process for the drying 
or concentration of a food. Fresh bean curd contains rather a 
high per cent. of water and is therefore a very unstable product. 
The fresh bean curd is cut into small pieces and exposed to severe 
cold weather. By freezing, the vegetable proteid shrinks and 


Fie. 66.—A semi-dry bean curd of the consistency of smoked sausage, called 
“Hsiang khan” (fragrant dry), which is eaten sliced in soups, and with vegetable 
dishes. (Photographed by F. N. Meyer, Agricultural Explorer, U.S. Dept. of Agr.) 


forms a porous cake permeated with ice crystals. This frozen 
cake can be readily thawed out and dried. -It forms a product 
much resembling gluten bread in appearance. If tofu is not 
frozen, it is difficult to dry and the resulting material is dense 
and horn-like. Frozen tofu can be preserved for several years 
and forms a suitable product for transportation. This form of 
tofu is soaked in water and then used in much the same manner 
as fresh tofu. 

_ Chinese Preparation.—In addition to the above preparations, 
the Chinese preserve tofu in many other ways (Figs. 67, 68, 69). 
In a fresh state it can be kept for several days simply by putting 
it in water. Tofu is quite generally preserved in loaves (100 to 
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150 grams) which are cooked in a decoction of turmeric roots. 
It is also preserved with salt. Often the curd is cut into small 
pieces and preserved in rice brandy. When smoked, the curd 
also keeps very well and can be wrapped in tinfoil for the market. 
Smoked curd is prepared by cooking the curd in soy sauce diluted 


Fic. 67.—A semi-dry fresh bean curd, called ‘‘Lao to fu”’ (old bean curd) said 
to be used by the poorer classes of Chinese for breakfast. (Photographed by 
F.N. Meyer, Agricultural Explorer, U.S. Dept. of Agr.) 


with water (80 per cent. and 20 per cent. soy sauce) and after 
cooking the curd is smoked in the same manner as meat. 
Various Dishes.—Numerous palatable and nutritious dishes 
can be prepared with tofu as a base by American and European 
methods of cooking. When cut into small pieces and cooked 
with an egg, it furnishes an excellent omelet. It also may be 
used as the principal ingredient in baked stuffed peppers. The 


fresh tofu makes an excellent salad or sandwich filling if the curd 
16 
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Fie. 68.—A dark room of even temperature where wooden frames, full of 
squares of bean curd are piled, one on the other, the lowest resting on a layer of 
somewhat damp rice straw. (Photographed by F. N. Meyer, Agricultural Explorer, 
U.S. Dept. of Agr). 


Fie. 69.—Large earthen jars, full of squares of bean-curd, which are covered 
over with spiced brine and soy-sauce. After several months’ curing a new 
product has been formed, called ‘‘ Foo-yu’’—Bean cheese, which can be kept for 
many years and becomes better with age. (Photographed by F. N. Meyer, Agri- 
cultural Explorer, U, S. Dept. of Agr.) 
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is chopped finely and chopped olives, pepper, salt, and mayon- 
naise dressing are added. When cut into small pieces and cooked 


Fie. 70.—Packing handful boiled soybeans into fresh rice straw wrappers in 
preparation of natto. 


Fia. 71.—Fermenting room in which the wrapped soybeans are placed in the 
preparation of natto. 


in tomato sauce or similar sauces, a very good meat substitute is 
obtained. Cooked with meat broth, the curd takes the flavor of 
the meat. It is readily seen that the fresh bean curd can be 
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utilized in many ways and when the people of the western world 
become better acquainted with its simple method of manufacture, 
it will no doubt, become more generally utilized. 

Natto.—Natto, a sort of vegetable cheese prepared from 
soybeans, has long been used by the Buddhists and is now used 
extensively by the Japanese. Although it is made throughout 
Japan, the method of manufacture varies somewhat with the 
locality, the different kinds being associated with the place of 
manufacture such as Tokyo natto, Kyoto natto, ete. 

In preparing natto, the soybeans are boiled in water for about 
five hours to render them exceedingly soft. The material while 
still hot, is wrapped in small portions (about a handful) in rice 
straw and the bundles, tied at both ends (Fig. 70) are placed in 
a cellar or room (Fig. 71) heated by hot water or charcoal. The 
room is then closed for about 24 hours, the temperature ranging 
from 35 to 40°C., this allowing the cooked beans to ferment in 
the warm moist gemonpher 

Another method is to put the cooked beans in a es vi cut 
straw placed over and closed with a lid. The box is then placed 
in a stove for 24 hours at a temperature from 35 to 40°C. The 
fermented product is a thick viscid mass having a peculiar but 
not offensive odor. The amount of natto produced is about 
double the quantity of beans used. 

Although the moderate heat of the cellar or rooms acts for only 
24 hours, there is evidently a considerable bacterial fermentation. 
Yabe (1897) made rather an extensive study of the micro- 
organisms and chemical composition of natto. This investigator 
found one species of bacillus and three of micrococcus present 
and that the chemical decompositions of the proteids of the soybean 
must be due to one or more of these microbes. The principal 
chemical change concerned in the ripening of natto takes place in 
the protein. It is quite probable that a large proportion of the 
peptone and also leucine and tyrosin were products of the bacte- 
rial action. Although xanthin was formed, it was held doubtful 
whether or not the substances of the xanthin series were formed 
by the bacterial action. According to Yabe the determination 
of the different forms of nitrogen in the soybean and natto are 
shown in Table XCVIII. 

In addition to being a highly nutritious food, it is quite probable 
that Natto is more easily digested than the soybean, as it is very 
soft and contains more peptone. The average composition of 
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Taste XCVIII.—Nirrocenovus Supsrancres in Narro 


Natto 

Forms of nitrogen Soybean from same 

soybeans 
IY NO RSTTOW », sagen Te ee aw Alia 2a me ee 15.160 59.120 
Nitrogen of proteids (excluding peptone)........ icobS 7.542 
INtinogen VOLAMIGeS asci< oct 2s ale ane etracee ss 6.899 4.033 
Nisrozen Of pep toners .5 m2. ecn etn wn yds eae 0.128 1.892 
: 0.328 1.617 


natto is as follows: Water, 61.84; albumen, 19.26; fat, 8.17; 
carbohydrates, 6.09; cellulose, 2.80; ash, 1.84. 

Natto is used commonly as a side dish and also as a material 
for confections. It is usually eaten with drops of soy sauce. 

Hamananatto.—Hamananatto, a kind of vegetable cheese 
prepared from soybeans, is manufactured principally in the 
central provinces of Japan. Although prepared much like miso 
and natto, it has a somewhat different flavor and texture from 
either of these. It has an agreeable salty taste and a peculiar 
odor somewhat resembling that of the fresh crust of brown bread. 
The soybeans composing it form no compact mass and are of a 
brown color with a thin layer of a salty taste and a somewhat 
sticky consistency. 

In preparing Hamananatto the soybeans are thoroughly washed, 
boiled to softness, spread on straw mats and mixed with wheat 
flour (6 liters of flour to 10 liters of soybeans). Molds soon 
develop, after which the mixture is exposed to the direct sunlight 
for 3 days, probably to kill the fungi, and is then put in flat 
tubs. After about 12 days some salt and ginger are added. The 
entire mass is then kept in tubs under pressure for about 30 days. 

Sawa in his investigations found that at least three different 
kinds of bacteria are present in this product. According to this 
investigator Hamananatto has the following composition: 


TaBLeE XCIX.—ComposiTion oF HAMANANATTO. AFTER SAWA 
Per Cent. 
HS UITIITIOR TUTOR OD. cis ics aw PN eek aici ew ti oube wed eeu wis « 3.57 
Liss EE hs enc U nln ain iets, Sita Gieiongs. 0) Eada ve ori 3.44 
SOCAN RAPER RE: aloha Stet a Avie o's) 0 oPapdyelarahain: «ie, Fale, ine 6.87 
Total carbohydrates, excluding cellulose............. 8.40 
Total ash, including salt added.......:.........00-- 18.54 


WiGisture-of fresh SAMpPlE.; ye icc cts e pve eee ees 44.73 
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Yuba.—When soybean milk is boiled, a film forms on the 


surface. This film, known as yuba, has been prepared since 
ancient times in China and Japan, and is a very popular foodstuff. 
It is very brittle and is sold in sticks, sheets, or small flakes. 
In cooking, yuba is used as a wrapper, cut into ribbons, or small 
pieces and either fried or used in soups. 

In the preparation of yuba, soybean milk of the best quality is 
boiled for about one hour in a copper pan overaslowfire. Asmall 
quantity of auramine is added which tends to produce a thick film. 


Fie. 72.—Showing the boiling of soybean milk in copper pans over a mild fire 


in the manufacture of yuba. The sheets of yuba are seen hanging in two-fold 
over sticks. 


The film is removed from the milk by passing a stick underneath 
the surface, the film thus hanging on in two-fold (Fig. 72). It 
is dried slowly on a galvanized net over charcoal fire, resulting 
in a thin yellowish sheet. 

The best quality of yuba is glossy and of a cream-yellow color. 
The first film is the best and the quality of the succeeding films 
gradually becomes inferior. 

The milk obtained from 3 lb. of beans is said to produce 
about thirty sheets of yuba. The residue of the milk after 


— i 
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the films are removed is still rich in nutrients, and is used mostly 
forfood. It also may be used as animal feed. 

Yuba is valued chiefly on account of its high content of 
protein. It consists mainly of albuminoids and fat. The 
composition of yuba is shown in the following table. 


Taste C.—CompositTIon oF YUBA 


Authority | Water | Protein Fat | eon Ash 
Oshima eae wee atone eee 18.31 | 49.65 | 18.00 11.82 Zane 


INS PAO: . Pere har ces ee eer {cig Pay 15:62 Wf aasil 2.82 


Miso.—In extent of use miso is said to surpass all other 
preparations from the soybean in the Orient. It forms an 


Fig. 73.—Preparing miso. On the right, the rice yeast tub. On the left, 
steaming the soaked soybeans in the tub. 


indispensable part of the daily menu of the rural population and 
wage-earners but it is used somewhat less extensively among the 
people living in cities. It is the general custom of the people in 
rural districts to prepare miso for their own use. It has been 
estimated that the daily consumption of miso per person in rural 
districts in Japan is about 40 grams. 
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The preparation of miso depends primarily upon the action of a 
fermenting agent known as kojii, containing certain forms of 
fungi, of which Aspergillus oryzae is the principal one. The kojit 
also contains diastatic and inverting ferments which change the 
carbohydrates of the raw materials into maltose, glucose, etc., 
and a proteolytic ferment which acts upon the nitrogenous bodies, 
converting them into simpler and more soluble materials. In 


Fia. 74.—Mill used for crushing the soybeans, yeast and salt mixture in the 
manufacture of miso. 


preparing miso the beans are first steamed (Fig. 73) and upon this 
process depends largely the quality and especially the color of the 
final product. The beans are usually steamed for about 25 
hours first with strong heat and later very gently. When the 
beans are properly steamed and cooked, they are rubbed into a 
thick, uniform paste, to which are added proper amounts of 
powdered kojii, salt, and water (Fig. 74). The whole mass is 
then well mixed and stored in a special vat (Fig. 75). The tempera- 
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ture of the mixture is kept at about 15° to 20°C., though as the 
fermentation advances it often rises to 25°C. The proportions 
in which the different ingredients of miso are employed are not 
always the same nor are the methods of applying them. 


Fig. 75.—Packing the early cured miso. 


There are many different kinds of miso which are distinguished 
by color, taste, and keeping properties, and are prepared by some- 
what different processes, the differences consisting chiefly in the 
use of barley or rice kojii, the amount of common salt added, a 
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longer or shorter fermentation, and the temperature to which 
subjected: 

White miso and red miso are the two most important kinds of 
this product. White miso, which contains but little salt, is 
fermented with rice kojii for 3 or 4 days only, and may be pre- 
served for about 10 days. Red miso is red in color and contains 
a relatively large amount of salt. It is fermented usually with 
barley kojii for 114 to 2 years, and may be kept for several 
years. The composition of these two kinds of miso, according 
to the investigations of Kellner (1889) is shown in the following 
table. 


Taste CI.—CompositTion oF RED AND WHITE Miso 


3 oi o® ae) + 42 3) 
BB OP aR shoe tS We see co ee eee 
$s ae = + © aa ARs 2 
beg re or 4 qi 5 £0 be be a | Oy 
_ Kind of Miso Ses =F a 3 ae i z: os = 
S ad Si B A, a o =z |.@ | 8 
Bical eo saliaes ae ea acres | bite || Meso! dre | se 
pe OO ite ede | 2 > ® HO g ° Sa/]Sa 
@ | fo) a8) ¢ = = SiG ze SZ ike 2 lo 
ee eis eer Mae eieen les Gl ed Oe es 
AV Rite 5.00, sees 59.27/39. 78) 22.13 |10.18)5.10/1.99 | 6.31 | 8.32)0.95) 5.99) 7.78 
HUGG sosve chs cuenete 50. 16/48. 66] 32.98 |12. 48) 6.46 | 2.31 72 |10.40/ 1.18 |10. 84/12. 48 


The principal use of miso is in making soups and in cooking 
vegetables; for the latter purpose, miso and soy sauce are said 
to be to a certain extent replaceable. Miso is used also in pre- 
paring various other articles of food. 

Shoyu or Soy Sauce.—Shoyu or soy sauce is a dark brown 
liquid with a pleasant aromatic odor and a peculiar salty taste, 
suggesting a good quality of meat extract, though perhaps more 
salty and a trifle more pungent. It is almost as indispensable to 
Asiatic people as rice. This sauce is very popular for use in 
cooking and as a relish or condiment to increase the flavor and 
palatability of the diet. It is estimated that about 2.5 oz. of 
soy sauce are consumed daily by each Japanese. When shaken, 
soy sauce foams up yellow and leaves behind on the side of the 
glass a clear shining line of a fatty appearance so that the Japan- 
ese designation “soy oil” (Sho-soy, yu-oil) is quite appropriate. 

Manufacture.—The manufacture of soy sauce forms one of the 
important industries of Japan, the yearly production amounting 
to considerably over 2,000,000 bbl. It is also produced very 
extensively throughout the Chinese Empire and to some extent 
in India. The brewing of the sauce has also become a well- 
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established industry in Hawaii. As yet soy sauce is not manu- 
factured in America! or in European countries, although large 
quantities are exported annually from China, Japan, and Hawaii, 
especially to the United States. 

Various methods are employed in the manufacture of soy 
sauce, consequently many different grades of sauce are produced. 
The sauce is prepared from a niixture of cooked and ground soy- 
beans, roasted and pulverized wheat (barley is sometimes sub- 


Fic. 76.—Strong, small baskets placed in the center of large jars filled with 
fermented soybeans and brine. The soy sauce collects in the baskets and is 
dipped out ready for consumption. (Photographed by F. N. Meyer, Agricultura 
Explorer, U. S. Dept. of Agr.) 


stituted in part for the wheat, as giving a sweeter taste), salt, 
water and a culture known as rice ferment (Aspergillus oryz@). 
Four principal stages may be distinguished: 

1. Preparation of the soybeans and wheat. 

2. Preparation of the rice ferment (kojii). 

3. The ripening process. 

4. Pressing and boiling. 
However, in some of the cheaper grades of sauce the pressing 
and boiling are omitted. As shown in Fig. 76 strong small 
baskets are placed in the center of large jars, full of fermented 


1 The attention of the authors has been called to the establishment of a 
factory in Columbia City, Indiana, for the manufacture of soy sauce, 
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soybeans and brine. The sauce accumulates in these baskets 
and is dipped out ready for consumption. This method of 
obtaining the sauce is undoubtedly local and apparently not as 
effective as the system by pressure. 


Fia. 77.—The iron cauldron in which soybeans are boiled for the manufacture 
of soy sauce. (After Groff.) 


In general, manufacturers use nearly equal parts of soybeans, 
wheat, and salt and about double the quantity of water. The 
density of the brine differs in the cheaper and in the better grades 
of the sauce. For the best grades of soy sauce, the ingredients are | 
mixed according to Sawer (1910) as follows: Soybeans, 15 parts; 
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Fie. 79.—Fermenting room for yeast and soybeans in preparation of soy sauce. 
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Fig. 80.—Rows of pots filled with soybean and wheat mixture for soy 
sauce. (Photographed by F. N. Meyer, Agricultural Explorer, U. S. Dept. of Agr.) 


Fra. 81.—A box press in which sacks of fermented soybeans are placed for 
pressing out the liquid forming soy sauce. (Photographed by F. N. Meyer, 
Agricultural Explorer, U. S, Dept. of Agr.) 
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Fic. 82.—Kettle for boiling the soy sauce. After it is boiled, the sauce is ready 
to be placed in kegs at left side. 


Fig. 83.—Soybean sauce ready for shipment. (After Groff.) 
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wheat, 15 parts; salt, 18.5 parts; and water 27.5 parts. Sahr 
(1913) in his investigations of the manufacture of soy sauce in 
Hawaii obtained the following data: 800 lb. of salt dissolved in 
350 gal. of water to 1,000 lb. of beans produced 350 gal. of 
sauce; 500 lb. of salt dissolved in 150 gal. of boiling water to 
400 lb. of soybeans gave 240 gal. of sauce and about 600 lb. of 
cass or soybean leavings. 

For the manufacture of soy sauce the soybeans are first boiled 
in large iron vats or cauldrons (Fig. 77) from 4 to 6 hours and 
then left to cool for about 18 hours. This mass is mixed with 
an equal amount of wheat which has been browned in pans and 
pulverized (Fig. 78). The mixture is poured into molds. which 
are in a long narrow chamber built of brick or stone, or sometimes 
in a sort of cellar with a temperature of about 36°C. (Fig. 79). 
Spores of the fungus Aspergillus oryze are added, the mass 
thoroughly mixed, and allowed to stand until slightly covered with 
the fungus. The salt is dissolved in boiling water in the propor- 
tions mentioned and added to the fermented mixture of beans and 
wheat. This mass is then emptied into large vats or jars (Fig. 
80) and left to ferment from 6 months to a year, and sometimes 
as long as 5 years. During the process of ripening the mass 
is stirred thoroughly twice daily in the summer, but in winter 
only once every 2 or 4 days. The fermented mass, after 
ripening, is transferred into a large press (Fig. 81) and the liquid 
sauce is pressed out, boiled 2 or 3 hours (Fig. 82), and put 
into tubs of 414- to 6-gal. capacity or small kegs or jugs (Fig. 83). 

The solid moist mass left after the liquid is pressed out repre- 
sents the soy cake or cass which is quite a valuable fertilizer 
and is sold to rice planters for this purpose. As it contains a 
comparatively large proportion of protein and fat, it is also 
utilized as a cattle feed, after soaking in water to extract the salt. 

Chemistry —Nishimura in his investigations of the chemistry 
of the manufacture of soy sauce found that the whole ripening 
process consisted principally in the action of the powerful enzymes 
of Aspergillus oryze upon the carbohydrates and proteids in 
the soybean and wheat, and further in the development of an 
agreeable flavor. The production of the small amount of lactic 
acid and acetic acid by bacteria does not seem essential. The 
great amount of salt added is intended principally to prevent 
bacterial growth and the resulting fermentations. The action 
of the enzymes is also much retarded by the salt. The same 
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author in experiments to shorten the time of manufacture, a 
most important desideratum, produced a sauce of very agreeable 
odor and taste like that of common soy sauce in 5 weeks. 
This shorter process was brought about by the thorough milling 
of the roasted wheat and boiled soybeans, the application of a 
temperature of 35 to 40°C., and the direct addition of alcohol. 
According to Oshima (1905) the chief chemical changes involved 
in the manufacture of soy sauce are those resulting from the 
action of proteolytic and diastatic ferments, and to some extent 
from the alcoholic ferments. By the proteolytic ferments, part 
of the proteid material of the soybeans is, converted into forms 
more soluble than those originally present. The chief effect of 
diastatic fermentation is the production of glucose. The effect 
of alcoholic fermentation is more noticeable in the earlier states 
of manufacture. The decrease in the quantity of alcohol as 
fermentation advances is said to be probably due to further 
decomposition of alcohol into acid and other products which 
produce agreeable flavors. 

Value and Composition.—Soy sauce is not only valuable as 
food because of the proteids and carbohydrates it contains but 
also on account of the peculiar and appetizing flavor which 
imparts a relish to other foods with which it is used. The general 
composition of soy sauce is shown in the following table: 


Taste CII.—ComposiTion or SHoyu or Soy Sauce. COMPILED FROM 
Various SourcEs 


| Carbohydrates > ; a 
pao Water | Protein | — ghey Ash Salt ats 

| Glucose | Dextrin 

| x | Pall ye 

| 
1.185 | 62.39 9.28 2.70 0.69 1.18 18.48 | 16.03 0.53 
1.190 | 62.82 9.53 3.30 0.69 1.33 18.70 | 15.67 0.51 
1.208 | 60.58 9.15 . 5.85 1.43 0.92 20.14 | 17.47 0.46 
1.230 | 60.08 6.75 | 3.33 1.10 OE SO le wercue 2 23.01-| 0.39 


Soybean Confections.—In Oriental countries the dried seeds 
of many legumes are used in the preparation of numerous sweet- 
meats and confections. The dried beans are often boiled in 


syrup and served as candied beans, the soybean being used to a 
17 
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less extent in this manner than some other beans. The soybean 
is most often ground into a powder and used in pastry products 
or the beans are roasted and then ground into a fine powder or 
flour, which with sugar added is used as a filling for different 
sweetmeats such as little cakes or cookies. 

The manufacture of a milk chocolate of which the roasted 
soybean ground into a fine powder is being placed on a commercial 
basis in Canada and the United States. Li Yu Ying and Grand- 
voinnet (1911-1912) prepared a chocolate from the soybean by 
adding sugar and cocoa butter. This product is said to have 
nearly the same composition, appearance and taste as chocolate. 

In China and Japan the dried beans are soaked in water and 
roasted, the product being eaten after the manner of roasted 
peanuts. This method of preparing the beans is improved by 
soaking the beans for about 12 hours in a 10-per cent. salt solu- 
tion, boiling slowly for about one-half hour and then roasting 
to a light brown color. The yellow-seeded and green-seeded 
varieties are preferable as they make a product of better appear- 
ance and flavor. 

The roasted beans may be ground into a fine paste and with 
the addition of a refined oil, as peanut oil, mixed thoroughly 
through the paste, a sort of butter, resembling peanut butter, 
may be prepared. This product, if the beans are roasted simply 
to a light brown color, has much the same appearance as peanut 
butter and a very agreeable flavor. 

The composition of the same variety of soybean before soaking 
in the salt solution, after soaking, and after roasting is given in 
the following table: 


Taste CIII.—Composition or SoyBEANS or THE SAME Varrery Drrep, 
SOAKED, AND Roasrep! 


Dried Cree Soaked beans, | Roasted beans, 

per cent. per cent. per cent. 
Water ecdenae sce teucca ee ec tam 7.80 53.90 SON 
f=) a Vee eer ee I ea die by fe 4.74 | 2.93 6.80 
Proleiioswtadookoee te ces Cae ee ar Canaan 18.31 39.62 
Pat rue oenctec tates a ee eae 1666/9 4 8.62 17232 
Motels gars elke a eee 10.67 5.60 10.54 
HiDSt eae ate eee 4.28 1.98 5.25 
Weight per 1,000 grams....... 273.4 570.4 229.5 


1 Analyses made by Bureau of Chemistry, U. 8. Dept. Agric. 


CHAPTER XIV 


TABLE DISHES OF SOYBEANS AND SOYBEAN 
PRODUCTS 


From the soybean and its products a very wide variety of table 
dishes may be prepared. Some of these are quite like other foods 
used by Americans and Europeans, but many are peculiarly 
Oriental. All are highly nutritious, and many of them of peculiar 
and delightful flavor and palatability. 

Mature or Dried Beans.— Experiments by the Office of Home 
Economics, U. 8. Department of Agriculture and by the Home 
Economics department of many colleges have shown the mature 
or dry soybeans can be used in many palatable ways. The ordi- 
nary varieties of soybeans as the Mammoth, Midwest, Ito San, 
etc., require a longer period of soaking and cooking than navy 
beans. The Easycook and Hahto varieties need no more prepara- 
tion than the ordinary bean as they cook up very readily. Time 
may be saved by using a pressure cooker for they soften very read- 
ily when thus treated. In general it is well to soak the beans 
and then cook them until soft. The time required will vary with 
the dryness of the bean and also with the variety. After soaking 
for 20 to 24 hours the beans should be cooked until they are well 
softened which may require as much as 2 hours, or more. 
Better results are obtained if the beans are allowed to simmer 
rather than boil rapidly. A fireless cooker with hot plates can 
be used to advantage, a second heating being given if the first is 
not enough to soften the beans. 

As the beans contain so much fat, it is obvious that they do 
not need fat meat added to them in cooking to supply this con- 
stituent, though some prefer to use a very small quantity to give 
flavor. Onions, tomatoes, and other seasoning vegetables are 
palatable additions to soybean dishes. 

There are many appetizing ways in which soybeans may be 
prepared besides ‘“‘plain boiled” and baked. The following 
recipes for cooking soybeans offer nourishing and palatable 
dishes: 

; 259 
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Boiled Soybeans.—Soak 2 cups dried soybeans for about 12 
hours. Drain, then add water, one-quarter teaspoonful soda, 
and cook just below the boiling point for 2 hours or until the 
beans are slightly softened. If allowed to heat too rapidly, 
the beans tend to become hard. The double boiler is good for 
cooking as slow cooking is desirable. The fireless cooker may 
also be used advantageously; boil the soaked beans for one-half 
hour and finish cooking in the fireless cooker. A pressure cooker, 
which is used for canning or other purposes, will save time in 
cooking soybeans for they soften very readily when cooked under 
pressure. When cooked thus, fill a quart jar with soaked beans, 
add 1 teaspoonful salt and half fill the jar with cold water. 
Cook one hour and a half at 15-lb. pressure. 


Baked Soybeans, No. 1. 


2 cups boiled soybeans Dash of paprika 
1 cup strained tomato pulp 1 teaspoon onion juice 
1 tablespoon cornstarch 114 teaspoons salt 


14 teaspoon celery seed 


Make a tomato sauce by mixing the cornstarch, celery seed, 
paprika, and onion juice with cold tomato pulp and cook until 
it thickens. Pour over the soybeans and bake in moderate oven 
until brown. 


Baked Soybeans, No. 2 


1 lb. of beans 2 teaspoons of molasses 
14 Ib. of salt pork 1 teaspoon of mustard 
1 teaspoon baking soda 


Soak the beans over night in cold water. Pour off the water, 
and put beans in pot. Cover with cold water, add the soda, 
and cook gently until the beans are slightly softened. Pour 
off the water, mix the molasses and mustard with a pint of water 
and pour this over the beans, adding more water if the beans are 
not covered. Place the pork upon the beans, cover the vessel, 
and bring it to a boil. Then put in a fireless cooker and leave 
for 10 or 12 hours. 


Baked Soybeans, No. 3. 


1 qt. of soybeans 16 teaspoon soda 
2 tablespoons molasses 1 teaspoon salt 


Soak the beans for about 12 hours. Pour off the water, and 
cover with fresh water to which the soda has been added. Cook 
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just below the boiling point until tender. Pour off water. Put 
beans in a baking dish with salt and molasses, cover with boiling 
water, and bake slowly 3 to 4 hours. Keep covered except 
during the last hour. 


Soybean Soup. 


1 cup dry soybeans 1 teaspoon chopped onion 
11, cups canned tomatoes 4 teaspoon butter 
1 teaspoon salt 1 tablespoon substitute flour 


Paprika, pepper, water 


Soak beans in cold water 12 hours. Boil beans in water 4 
hours, replenishing water as it boils away. Mash the boiled 
beans and put through a sieve. Saute the onion, add flour and 
blend. Add water and tomatoes, and other ingredients. 


Soybean Vegetable Soup. 


2 cups boiled soybeans 2 teaspoons onion juice 
2 cups strained tomato pulp 14 teaspoon pepper 

2 cups water 1 teaspoon salt 

14 cup chopped celery 1 tablespoon cornstarch 


Cook the celery in the water until tender. Mix the cornstarch 
and seasoning with the cold tomato and add with the bean pulp 
to the celery and water. Cook 20 minutes. 


Cream of Soybean Soup. 
2 cups boiled soybeans 14 teaspoon pepper 
1 qt. skim milk 1 tablespoon cornstarch 
114 teaspoons salt 


Press the cooked beans through a colander. Mix the corn- 
starch with one-half cup cold milk. Heat the remainder of the 
milk in a double boiler with the soybeans, salt, and pepper. 
Add the cornstarch mixed with milk and cook for 20 minutes. 


Soybean Croquettes, No. 1. 


2 cups boiled beans 14 teaspoon pepper 
1 egg 2 oz. cheese 
1 teaspoon salt 144 cup ground celery top and all 


Grind the soybeans, cheese, and celery through a meat grinder. 
Add the salt, pepper, and one-half the egg, saving the remainder 
to use in crumbing the croquettes. Form into desired shape, 
roll in egg diluted with one-half tablespoon water, then in the 
corn meal, and bake in greased pan until brown. 
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Soybean Croquettes, No. 2. 


1 cup soybean pulp 1g cup corn meal 

2 cups cooked rice 1g teaspoon salt 

3 tablespoons chopped onion 1g teaspoon pepper 

1 tablespoon shortening 1% teaspoon kitchen bouquet 
1 egg 1g teaspoon paprika 


Brown onion in shortening. Put 1 cup cooked soybeans 
through colander or food chopper. Add cooked rice and season- 
ings. Mold croquettes, dip slightly beaten egg, then in yellow 
corn meal. Bake in very hot oven, in shallow pans for about 
30 minutes (until brown). Serve with tomato sauce. 


Soybean Loaf. No. 1. 


2 cups boiled beans 1g teaspoon curry powder 

1 cup bread crumbs 1 teaspoon salt 

1 cup chopped celery 14 teaspoon pepper 
cooked until tender 2g cup milk 


1 tablespoon cornstarch 


Mix the cornstarch, curry, salt, and pepper with the cold milk. 
Cook the mixture until it thickens, then mix with the soybeans 
(mashed or ground) and the other ingredients. Form into a 
loaf and bake in a greased pan. 


Soybean Loaf, No. 2. 


1 pt. cold boiled beans 1 egg 
1 cup bread crumbs 1 tablespoon finely chopped onion 
2 tablespoons tomato catsup Salt and pepper 


Run the boiled beans through a food chopper. Combine the 
ingredients. Form the mixture into a roll or loaf.. Bake for 
about one hour. 


Soybean Chili Con Carne. 


Cut 1 lb. of round steak into small square pieces. Fry 
in hot fat until nicely browned. Then add cupful of boiling 
water. Cover, stew until tender. Add three red peppers, 
chopped fine. Add two cups of boiled soybeans, one medium 
sized onion chopped fine, one tablespoon of flour, four cloves, 
and a teaspoon of salt. Cook until gravy is of right consistency. 
Serve hot. . 
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Soybean Roast. 


1 cup grated cheese Salt and pepper 
1 cup mashed boiled soybeans 34 cup water 
1 cup bread crumbs Juice of 44 lemon 


2 tablespoons chopped onion 


Cook onion in butter and water until tender. Add beans, 
cheese, and bread crumbs, salt, pepper, and the grated rind and 
juice of a half of lemon. Turn into buttered baking dish. 
Cover with bread crumbs and dabs of butter and bake for 20 
minutes. 


Soybean Timbales. 


1 cup bean pulp Onion juice 
1 cup milk Salt, pepper 
1 egg Celery salt 


Bake the mixture in buttered custard cups. Set in a pan of 
water until the mixture has thickened. Serve with tomato sauce. 

Mexican Frijoles. 

Soak 1 pt. of soybeans over night. Boil them for about 4 
hours. Melt 2 tablespoons of fat in a frying pan; add the beans; 
cook them for 10 minutes. Serve with sauce made by the 
following recipe: 

Frijole sauce.—Rub together 1 tomato, 5 green-chilis (minced), 
1 small onion (minced), one-half teaspoon salt, until they form a 
paste. Cook the mixture just long enough for it to become 
heated through. 


Soybean Souffle. 


16 cup bean pulp 14 teaspoon flour 
1g tablespoon butter substitute 1 egg 
2 tablespoons flour 44 cup milk 


Melt butter substitute, add flour, add milk. Boil one minute, 
stirring constantly, add soybean pulp; cool; add beaten yolk of 
egg and seasoning. Beat white of egg until stiff; fold into 
mixture, and bake 30 minutes. 


Soybean Pudding. 
1 cup soybeans Salt 


2 cups bread or cracker crumbs }4 cup honey 
1 egg Milk to moisten 
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Soak beans and boil until tender (general method of boiling). 
Press through fine wire sieve or run through food chopper. Salt 
to taste and let cool. To 2 cups of bean pulp add 2 cups bread 
or cracker crumbs. Moisten with milk, add egg well beaten. 
Sweeten with honey. Bake in moderate oven until light and 
brown. Serve with milk, fruit, or lemonaise. 


Soybean and Fruit Pudding. 


114 cups bean pulp 3 tart apples 
6 teaspoons lemon juice 14 cup currants or raisins 


To the bean pulp add salt to taste, and lemon juice, mixing well. 
Dice apples and mix with 14 cup chopped currants or raisins. 
Shape pulp into balls dipped into the chopped apples and raisins, 
covering well. Serve on lettuce leaf with mayonnaise. 


Soybeans and Macaroni. 


2 cups soybean pulp 1 onion 
2 cups boiled macaroni 1 tablespoon fat 
2 cups canned tomatoes Salt and pepper 


Brown the onion, finely chopped, in fat. Add tomatoes, salt, 
and pepper. Let simmer for 20 minutes. Put through sieve. 
Put soybean pulp and macaroni in alternate layers in baking 
dish, cover it well with tomato sauce. Bake in moderate oven 
until brown. 


Soybean Salad. 


1 cup chopped boiled soybeans 
1 cup celery chopped fine 
1% cup American cheese 


Combine and serve on crisp lettuce leaves; garnish with celery. 


Soybean and Cottage Cheese Salad. 
1 cup cooked soybeans 
1 cup cottage cheese 
Put the beans through the food chopper and season well with 
salt and pepper. Combine with cottage cheese. Serve on crisp 
lettuce leaves and garnish with strips of pimento. 


Soybean Filling for Sandwiches. 


1 cup soybean pulp 14 teaspoon onion juice 
1 teaspoon salt 16 teaspoon thyme 
4 teaspoon paprika Dash of cayenne 


1 teaspoon lemon juice 
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Mix the ingredients together and serve as filling for sandwiches. 


Soybeans and Rice. 


1 pt. soybeans 1 cup rice 
2 tomatoes or 1 cup stewed 1 slice onion 
tomato 


2 teaspoons salt 


Boil the beans. Cook the tomatoes with the onion. Strain, 
add the liquid in which the beans have been boiled. Add the 
salt and cook rice in this liquid, adding more water if necessary. 
When the rice is soft, combine with the beans and reheat. 


Soybean Pastry. 


1 cup flour 2 tablespoons shortening 
44 cup soybean pulp 1 teaspoon baking powder 
16 teaspoon salt 


Moisten with cold water and roll out as ordinary pie crust. 
Avoid mixing too much. Fill with tart jam, jelly, or fruit. 
Bake 10 to 12 minutes. 


Soybean Cookies. 


16 cup flour About 14 cup milk 

144 cup soybean pulp 1 teaspoon fat 

2 teaspoons baking powder 1 teaspoon lemon juice 

1 egg 3 tablespoons sugar or syrup 


2 tablespoons fat 


Cream sugar or syrup with the fat. Add the soybean pulp 
into which the salt has been worked. Add the milk, the egg well 
beaten, the sifted flour and baking powder. Drop by spoonfuls 
on a greased pan and bake in a rather hot oven 12 to 15 minutes. 


Soybean Crust. 


1 cup boiled soybean pulp 1 teaspoon baking powder 
1g teaspoon salt 1 egg (beaten) 
2 tablespoons melted fat 


Combine the ingredients and add enough flour to make a soft 
dough. Roll out the mixture to about 1 in. in thickness 
on a well-floured board. Cut strips of suitable size to fold for 
individual pies. Fill the pies with chopped cooked meat or 
vegetables. Fold the crust over and press it together along the 
edges. Bake the pies in a moderate oven until they are well- 
browned. 
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Soybean Muffins. 


2 eggs (well beaten) 1 teaspoon salt 
1 cup cold boiled bean pulp 2 cups flour 
4g cup milk 2 teaspoons baking soda 


1g cup melted fat 


Combine the ingredients in the order given. Bake in a greased 
muffin pan for 20 or 25 minutes. These muffins make a good 
border for a pot roast, served with brown gravy. 

Soybean Flour.—An almost endless series of dishes can be made 
from soybean flour. In using this flour, it should be remembered 
that it is rich in protein and fat and should be combined with 
starchy substances like rice, potatoes, or corn flour. As soybean 
flour contains considerable fat, not much shortening is required. 

Soybean Bread.—Soybean bread may be made by substituting 
soybean flour for 14 of the wheat flour in the ordinary bread recipe. 
This will give a bread of good texture, light brown interior and a 
dark brown crust. This bread should bake more slowly and for a 
longer time than the wheat-flour bread. 


Soybean Biscuits, No. 1. 


1 cup soybean flour 14 teaspoon salt 
1 cup wheat flour 14 to 24 cup water 


4 teaspoons baking powder 
Bake 15 minutes. 


Soybean Biscuits, No. 2. 


14 cup wheat flour 5 teaspoons baking powder 
14 cup soybean flour Salt 
114 tablespoons fat Milk 


Mix the dry ingredients and sift twice. Work in shortening 
with tips of fingers. Add gradually the liquid, mixing with 
knife to soft dough. It is impossible to state the exact amount of 
liquid owing to differences in the flour. Put on a floured board 
and roll lightly to 14 in. thickness. Shape with biscuit cutter. 
Place on greased pan and bake in hot oven 12 to 15 minutes. 


Soybean Muffins, No. 1. 


1 cup soybean flour 4 teaspoons baking powder 
1 cup corn, rice, or potato flour 2 tablespoons corn syrup 
114 cups liquid 1 teaspoon salt 

1 egg 


Bake slowly in moderate oven for 30 minutes. 
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Soybean Muffins, No. 2. 


1 cup soybean flour 4 teaspoons baking powder 

1 cup mashed potatoes or 2 tablespoons corn syrup 
cooked rice 1 teaspoon salt 

1 cup liquid 

1 egg 


Bake slowly in a moderate oven for 30 minutes. 


Soybean Muffins, No. 3. 


1 pt. soybean flour 14 teaspoon soda 
134 cups fresh buttermilk 4 teaspoon salt 
1 egg 


Bake as other muffins. 


Soybean Muffins, No. 4. 


114 cups wheat flour 1 cup sweet milk 

14 cup soybean flour 2 rounded teaspoons baking powder 
14 teaspoon salt 114 tablespoons melted butter 

2 eggs 


Beat the ingredients well together, adding the melted, but not 
too hot, butter last, and bake in gem pans in a hot oven. 

Persons desiring a food of low starch content should take in 
the above recipe 114 cups soybean flour and 14 cup of wheat 
flour. 


Soybean Muffins, No. 5. 


2 eggs 2 teaspoons sugar 
144 cups milk 2 teaspoons baking powder 
1 cup soybean flour 2 tablespoons melted fat 


16 teaspoon salt 


Sift dry ingredients, add milk gradually, beat eggs thoroughly, 
add melted fat and put in greased muffin tins. Bake in hot oven. 


Soybean Griddle Cakes, No. 1. 


1 cup soybean flour 4 teaspoons baking soda 
1 cup corn flour 1 teaspoon salt 
3 cups liquid 2 eggs 

Soybean Griddle Cakes, No. 2. 
1 cup soybean flour 4 teaspoons baking soda 
1 cup buckwheat flour 114 teaspoons salt 
1 cup wheat flour 2 eggs 


3 cups liquid 
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Soybean Coconut Pudding. 


3 tablespoons shortening 4 cup wheat flour 

1 cup brown sugar 4 teaspoon salt 

4g cup milk 3 eggs beaten separately 

1 cup shredded coconut 114 tablespoons baking powder 


(steamed until moist) 
34 cup soybean flour 


Cream the shortening and brown sugar, add egg yolks well 
beaten, then add alternately the milk and sifted dry ingredients. 
Have the coconut prepared, and add with the last of the flour. 
Beat well, then add beaten egg whites, turn into well-oiled spout 
cake pan and bake in a moderate oven until it shrinks from sides 
of pan. Serve hot or cold with Lemon Pudding Sauce. 


Soybean Spice Cake. 


14 cup shortening 314 teaspoons baking powder 
1 cup brown sugar 4 teaspoon salt 

1 cup molasses 1 teaspoon cinnamon 

3 eggs beaten separately 4 teaspoon cloves 

34 cup soybean flour 14 teaspoon nutmeg 

114 cups wheat flour 1 cup raisins 


4 cup milk 


Cream the shortening and sugar, then add molasses, then egg 
yolks beaten until thick and lemon colored. Mix and sift the 
dry ingredients, adding them alternately with the milk, stirring 
the raisins in with a part of the flour. Beat well, then add stiffly 
beaten egg whites and bake in a greased tube cake pan in a 
moderately slow oven until it shrinks from the sides of the pan. 


Soybean Mush. 


1 cup soybean flour 
1 teaspoon salt 
3 cups water 


Cook in a covered double boiler for 2 hours. When cold it 
can be sliced, rolled in corn flour, and fried in drippings. 


Soybean Croquettes (Mush). 


1 cup soybean mush 1 teaspoon salt 
1 cup cooked rice 14 teaspoon pepper 
1 egg 2 tablespoons chopped salt pork 


1 teaspoon grated onion 


Shape into croquettes, roll in egg and corn meal or flour, and 
bake in oven. 
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Soybean Loaf (Mush). 


1 cup chopped meat 
1 cup soybean mush 
2 cups mashed potatoes 


2 tablespoons chopped onion 
1 tablespoon dried celery leaves 


2 teaspoons salt 


Combine the ingredients, bake as a loaf for one-half hour or 
shape into small cakes and fry in drippings. 


Soybean Omelet. 


2 eggs 
2 tablespoons milk 


3 tablespoons soybean mush 


2 tablespoons cooked rice 
14 teaspoon salt 


The advantage of this omelet is that a larger and more nutri- 
tious omelet is made by the use of soybean flour and rice. 


Soybean Fruit Cake. 


3 cups soybean flour 
14 cup butter 

2 cups sugar 

4 eggs 

1 pound seeded raisins 


Soybean Gems. 


1 egg 
1 tablespoon cream 


2 tablespoons soybean flour 


1 nutmeg grated 

2 teaspoons mixed spices 

2 teaspoons baking powder 
2 teaspoons cinnamon 

14 cup wine 


14 teaspoon salt 
4 teaspoon baking powder 


This recipe makes four gems and will be found especially 
desirable for persons requiring a food of low starch content. 


Soybean Spoon Bread. 


16 pt. soybean flour 
1 pt. fresh buttermilk 


1 egg 
1 taklespoon melted butter 


Soybean Wafers. 


14% cups wheat flour 
34 cup soybean flour 
2 teaspoons vanilla 
14 cup milk 

1 egg 


4 teaspoon salt 
14 teaspoon soda 
1 teaspoon sugar 


14 teaspoon salt 

2 tablespoons butter 

2 tablespoons lard 

2 teaspoons baking soda 
1 cup sugar 


Cream butter, add sugar, well beaten egg, milk, and vanilla. 


Mix dry ingredients and add to first mixture. 


Roll as thinly as 


possible, cut, and bake in a moderate oven. 
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Soybean Jam Pudding. 


144 cup brown sugar 11% teaspoons baking powder 

1 cup corn syrup 4 cup finely chopped suet 

3 beaten eggs 34 teaspoon salt 

¥ cup sour milk 14 teaspoon cinnamon 

1g teaspoon soda ' 1 cup strawberry, blackberry or 
114 cups soybean flour raspberry jam 


Cream the sugar and syrup. Beat together the eggs, soda, 
and sour milk, add about half to first mixture, then stir in suet; 
then add alternately the balance of sour milk mixture, sifted 
dry ingredients and jam. Turn into well-oiled pudding dish 
or spout cake pan and bake in moderate oven about 40 minutes. 
Serve hot with pudding sauce or cold as cake. 


Soybean Ginger Cookies. 


lg cup vegetable shortening 3 cups soybean flour 

4 cup corn syrup 1 teaspoon ginger 

1 cup brown sugar 14 teaspoon salt 

2 beaten eggs 114 teaspoons baking powder 
2 tablespoons milk 1 teaspoon vanilla 


Melt shortening and add syrup and brown sugar. Bring to 
boil, chill thoroughly. Beat the eggs and add to them the milk 
and vanilla and stir into first mixture. Mix and sift the flour, 
ginger, baking powder, and salt and work in. Roll on floured 
board very thin. Cut with cookie cutter and bake in hot oven. 


Soybean Gingerbread. 


14 cup vegetable shortening 214 cups wheat flour 

1 cup brown sugar 1 teaspoon salt 

2 beaten eggs 1 tablespoon ginger 

3 tablespoons molasses 2 tablespoons baking powder 
Pinch of soda 4 teaspoon cinnamon 

1 cup soybean flour 114 cups milk 


Cream the shortening and brown sugar; add beaten eggs, then 
the mixed molasses and soda. Mix and sift the balance of dry 
ingredients and add alternately with the milk. Beat well, 
turn into an oiled shallow baking pan and bake in a moderately 
hot oven. 
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Soybean Filled Cookies. 
4 cup vegetable shortening 214 cups wheat flour 
44 cup corn syrup 1 teaspoon salt 
4 cup brown sugar 1 teaspoon baking powder 
2 beaten eggs ty teaspoon nutmeg 
4 cup milk 16 teaspoon ginger 
4 teaspoon vanilla 1g teaspoon cinnamon 


144 cups soybean flour 


Cream the shortening, sugar, and syrup. Add well-beaten 
eggs, then add alternately the milk and flavoring with the sifted 
dry ingredients. Have ready the following filling and when 
filling is cool, roll dough thin, cut with cookie cutter and spread 
between each two cuts some of the filling. Press edges together 
slightly and bake in a moderately hot oven. 

Filling: 1 cup seeded or seedless raisins, 14 cup corn syrup, 
14 cup strained honey and 2 tablespoons water. Boil until it 
begins to thicken, then cool. 


Soybean Yeast Raised Coffee Cake. 


1 cup scalded milk (cooled) 3 cups wheat flour 
1 tablespoon sugar 14 cup sugar 
14 teaspoon salt 1 egg or 1 teaspoon egg substitute 


1 cake of yeast dissolvedin 14 14 cup shortening 
cup lukewarm water 
1 cup soybean flour 


Make a sponge of the milk, sugar, salt, bean flour and one cup 
of wheat flour. Add the dissolved yeast and let the mixture 
stand over night. Then add the other two cups of flour and the 
shortening, sugar and egg. Place in shallow pans and let rise 
until very light. When ready to bake, rub the tops with sugar 
dissolved in milk and sprinkle with dry sugar and cinnamon. 
Bake about 25 minutes. A few raisins may be added to the 
dough if desired. 


Soybean Soft Ginger Cake. 


1g cup melter shortening 1 teaspoon soda 

1 cup syrup 1g teaspoon clove 

1 teaspoon cinnamon 1 cup soybean flour 
1 cup sour milk 3 cups white flour 


Beat to a smooth batter. Pour into a well greased and 
floured pan, Bake in a moderate oven for 40 minutes. 


7 
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Soybean Nut Bread. 


14% cups soybean flour 
114% cups white flour 

24 cup dark brown sugar 
114 teaspoons salt 


214 teaspoons baking powder ~ 
2 cups buttermilk or sour milk 
1 teaspoon soda 
1 cup nut meats 


Sift flour and mix with sugar, salt and baking powder. Stir 
soda into the buttermilk and briskly stir all together, adding 


the nut meats last. Form in a loaf and bake in a moderate 
oven 40 to 45 minutes. 


Soybean and Rye Bread. 


2 cups soybean flour 

4 cups rye flour 

114 teaspoons salt 

1 tablespoon brown sugar 


2 tablespoons shortening 
2 tablespoons baking powder 
1144 cups milk and water 


Sift dry ingredients together. Add the milk and water and 
melted shortening. Beat thoroughly and put into a well-greased 


pan and stand in a warm place for 30 minutes. 


Bake in a 
moderate oven 45 minutes. 


Soybean Cup Cakes. 


34 cup soybean flour 
34 cup white flour 
6 cup milk 

1 egg 


¥ cup sugar 
2 tablespoons butterine 
3 teaspoons baking powder 


Cream butterine and sugar together; add the egg. Sift flour 
and baking powder together and add to the creamed butterine, 
mixing in a little milk at a time and beating well together for 
5 minutes. Bake in a moderate oven 20 to 25 minutes. 


Soybean Pancakes. 


2 tablespoons soybean flour 1 teaspoon baking flour 
2 tablespoons white flour 1 teaspoon salt 
1 egg or 1 teaspoon egg substitute 


Mix all together with a little milk or half milk and water, to ’ 
a creamy batter. Fry on a hot skillet. 


Soybean Flour and Celery Soup. 


1 stalk celery 


1 tablespoon butterine 
1 pt. water 


2 tablespoons soybean flour 
1 tablespoon white flour 
1 teaspoon salt 
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Cut celery very fine and boil in sufficient salted water to leave 
1 pt. when cooked, add the soybean flour before the celery 
is entirely cooked and allow to simmer. Blend the white flour 
with the butterine and when the celery is soft add together, 
simmer for one minute and serve. 

Tofu.—Attempts have been made during the past 5 years 
to introduce tofu to the American people, but without much 
success. In cities having a large oriental population fresh tofu 
or bean curd may be had at the Chinese stores. The following 
recipes prepared by the Soy Products Co., and Chicago Bean 
Bread Co., indicate the wide adaptability of tofu, or soy cake 
as it is termed by one company, to all kinds of cooking, and at 
the same time may suggest other practical ways in which this 
valuable food may be prepared. 


Chicken Soy Cake (Tofu). 


14 lb. soy cake 1 level teaspoon salt 
1 cup thinly sliced celery 14 level teaspoon pepper 
' 1 pt. chicken stock 14 level teaspoon paprika 
1 small onion 2 tablespoons flour 
1 bay leaf 1 tablespoon chicken fat, butter or 


1 cup diced or shredded chicken lard 


Heat the fat. When hot, put in the celery and onions. Cover 
and salt until they turn color (do not brown), stirring with 
a fork occasionally to prevent burning. Covering preserves 
the flavor and prevents turning color too soon. About 10 
minutes should be sufficient. Then add the cold stock, soy cake 
(tofu), chicken and seasonings. Simmer gently from 20 to 30 
minutes. Thicken with flour and water and serve with rice. 
This makes 144 pt. When used again, reheat in a double boiler. 
Other meats and combinations may be prepared in the same way. 


Soy Cake (Tofu) with Tomatoes. 


16 lb. soy cake 2 tablespoons lard 
1 qt. canned orstewed tomatoes 2 tablespoons flour 
1 large onion thinly sliced Pepper and salt to taste 


1 cup thinly sliced celery 


Put into a saucepan the lard and when hot add the celery 
and onion. Cover and saute till they commence to turn color 
(do not brown), stirring with a fork occasionally to prevent 
burning. Then add the tomato (cold) and when hot add the 


soy cake and seasonings. Simmer very gently from 20 to 30 
18 
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minutes. Thicken with the flour dissolved in a little cold water, 
and serve. More onion may be added if desired, and if the toma- 
toes are very solidly packed it may be necessary to add a little 
water to make enough sauce. This makes 114 qt. 


Soy Cake (Tofu) with Tomatoes and Cheese. 


1 pt. canned orstewed tomatoes 14 lb. soy cake cut in pieces }¥ in. 


1 cup boiled rice thick 

2 stalks celery sliced very thin 14 green pepper cut in pieces 
diagonally 14 cup cheese cut fine 

1g onion cut fine Season to taste 


Mix the ingredients cold. Heat in a saucepan from 20 to 30 
minutes. Then put in a baking dish. Sprinkle with bread 
crumbs and brown very quickly in a very hot oven or under the 
bar of a gas range. 


Mushrooms with Soy Cake (Tofu). 


14 |b. soy cake 2 tablespoons butter 
4 lb. mushrooms 2 tablespoons flour 
1 pt. milk Pepper and salt to taste 


1 small onion thinly sliced 


Heat in butter in a saucepan; then add the celery and onion. 
Cover and saute till they commence to turn color (do not brown), 
stirring with a fork occasionally to prevent burning. Add the 
milk and stir till hot; then add mushrooms, soy cake and season- 
ings. Transfer to a double boiler and cook for one half-hour. 
Thicken with the flour dissolved in a little cold water and serve 
in paper or pastry shells. This makes about 1 qt. 


Potatoes with Soy Cake (Tofu). 


16 lb. soy cake 2 tablespoons bacon fat or lard 
4 cups diced raw potatoes 2 tablespoons flour 


1 large sliced bacon minced fine Pepper and salt to taste 
1 large onion sliced thin 


Saute the bacon, onion and potatoes together till they com- 
mence to turn color (do not brown) stirring with a fork occasion- 
ally to prevent burning. Cover with cold water and cook one 
half hour. Add the seasonings and soy cake and keep hot (do 
not boil) 20 to 30 minutes. Thicken with flour dissolved in a 
little cold water, and serve. This mixture may also be put in a 
baking dish when the soy cake is added, and browned in a hot 
oven. 
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This recipe may be varied by using equal parts of potato, celery, 
onion and carrot. 

Soy Cake Stuffed Peppers.—Use left-over fish which is already 
cooked. Pick the fish into small pieces. Add some soy cake 
(tofu) and a little boiled rice. Season to taste, stuff in green 
peppers or tomatoes and brown in a hot oven. The soy cake for 
this fish may be chopped or mashed with a fork and the propor- 
tions may be made to suit the taste or convenience. 

Cabbage or Cauliflower Soy Cake (Tofu)—Allow about 2 
oz. of soy cake per person. Shave the cabbage as for cold 
slaw or break the cauliflowerinto small pieces. Cover with cold 
water and bring to a boil. Add the soy cake, season to taste 
and cook slowly about 30 minutes. Thicken with flour 
dissolved in a little cold water and serve. 


Eggs a la Caracas with Soy Cake (Tofu). 


1 cup soy cake cut in }4 in. Few grains cinnamon, cayenne 
pieces 2 tablespoons butter 

1 cup tomatoes 3 eggs 

14 cup grated cheese 

Few drops onion juice 

Melt butter. Add soy cake, tomatoes, cheese, onion juice, 

cinnamon and cayenne. Heat from 20 to 30 minutes. Add 
eggs well beaten. Cook until eggs are of creamy consistency, 
stirring and scraping as in scrambled eggs. 


Soy Cake (Tofu) with Tuna Fish. 


14 |b. soy cake 1g small onion thinly sliced 

14 small can tuna fish 1 tablespoon butter 

1 cup milk 1 tablespoon flour 
1g cup thinly sliced celery Pepper, salt and paprika to taste 


Heat the butter in a saucepan, and when hot add the celery 
and onion. Cover and saute until they commence to turn color 
(do not brown) stirring with a fork occasionally to prevent burn- 
ing. Then add the milk and tuna fish and bring to a boil, 
stirring constantly. Add the soy cake and seasonings and 
transfer to a double boiler. Cook for 30 minutes. Thicken 
with flour dissolved in a little cold water and serve. This 
makes enough for two people. 

Soy Chicken Salad—Cut the soy cake (tofu) in thin, narrow 
strips, put into cold chicken stock and heat from 20 to 30 
minutes. Allow the soy cake to remain in the stock until cool 
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in order to absorb flavor. Then remove and use in salad as 
shredded chicken, with a little real chicken added. 

Soy Cake (Tofu) Salad Dressing.—-Mash the soy cake with a 
fork and mix with oil and vinegar dressing, mayonnaise, or any 
other desired salad dressing. Allow to stand 30 minutes before 
using. Mayonnaise dressing can be made to go farther at less 
cost if mixed with soy cake. 

Salted Tofu.—An easy method of salting tofu ready for any 
use, in hot or cold dishes, is to place the amount needed in cold 
water, with two tablespoons of salt to a pound of tofu. Bring 
slowly to the boiling point. Remove from the fire and allow 
to cool. 

Tofu for Soup—Tofu will be found a nutritive and palatable 
addition to any kind of soup. It may be mashed or diced. 

Tofu and Fish—Boil two stalks of celery (cut very fine) with 
a tablespoon of minced parsley in two cups of boiling water. 
When the celery is cooked thicken it with a tablespoon of egg 
substitute and add one teaspoon of butter. Dice very fine one- 
half pound of tofu and with a small can of any kind of 
fish add to the creamed mixture. Garnish dish with parsley and 
serve. 

Tofu with cheese.—-Prepare a small amount of cream sauce to 
which add 14 lb. of grated cheese. When this is thoroughly 
dissolved and blended, add 1 lb. of diced, salted and cold tofu 
and 14 lb. of bean sprouts. Mix well and place in a casserole. 
Cover with cracker crumbs and dot with butterine. Bake 
until set. 


Creamed Tofu in Ramekins. 


, 114 cups salted tofu (14-in. cubes) 1% teaspoon paprika 


14g cup mushrooms (14-in, cubes) 1 teaspoon salt 

2 tablespoons butterine 2 teaspoons mushroom ketchup 
3 tablespoons corn flour 1 tablespoon butterine 

11% cups milk or meat stock 1 cup bread crumbs 


1 teaspoon celery salt 


Heat the fat in a pan thoroughly. Then add the corn flour and 
next the liquid, making a sauce. Season and add the tofu and 
mushrooms. Place in greased ramekins; cover with the bread 
crumbs which have been stirred into a tablespoon of butterine. 
Bake in a hot oven 15 or 20minutes. Serve with aslice of lemon. 
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Tofu and Vegetable Stew. 


2 heads of celery 2 good-sized onions 

1 tablespoon kitchen bouquet 14 lb. bean sprouts 

2 tablespoons flour 1 tablespoon butterine 
1 lb. tofu Salt and pepper to taste 


Cut the celery into 1 in. lengths, also cut up the onion and boil 
until soft in 1 qt. of water, to which salt and pepper have 
been added. Wet the flour with the kitchen bouquet and melted 
butterine, and pour into the celery and water it was boiled in. 
Cut the tofu into small strips or dice and add the thickened 
vegetables. Then have the bean sprouts well washed and 
drained and put them in last. Season to taste and boil 5 
minutes. Serve in tureen as Irish stew. 

Tofu and Bacon.—Split salted tofu and place in a baking dish. 
Put two thin slices of bacon on top and crisp in a hot oven. 

Pickled Tofu.—Cut in half two cakes of tofu and stick two 
cloves in each part. Sprinkle with salt and a teaspoon of sugar. 
Place on the fire 14 pt. of vinegar, one good-sized onion, one-half 
teaspoon whole mixed spices (tied in a bag) and boil for 2 minutes. 
Remove spice bag and set to cool before pouring over tofu. 
One cup of bean sprouts added will be an improvement. 

Tofu Cakes.—Mash sufficient warm salted tofu to make three 
cups. Add one cup of sausage or ground left-over meat (in 
using left-over meat be sure to season it). Make into small cakes, 
dip into cracker crumbs or corn meal and fry quickly in hot fat. 


Curried Tofu. 


1 lb. tofu (diced) 1 teaspoon curry powder 
2 tablespoons oleomargarine 1 chopped onion 

1 tablespoon flour 1 cup strained tomatoes 
1 teaspoon salt 14 teaspoon white pepper 


Put one-half of the oleomargarine in the frying pan and in it 
cook the onion slowly without browning until it is soft. Add the 
curry powder and tofu, and shake the pan over a quick fire for 
2 minutes. Place the other half of the oleomargarine in 
another frying-pan, and when hot add to it the flour. Stir well, 
then add the salt, pepper and tomatoes. Let come to a boil and 
then pour over the tofu in the other pan. Cover and cook 
slowly for 3 minutes. Boiled rice makes a nice addition to 
be'served with this dish. 
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Tofu in Pineapple Jelly. 


1 packet gelatine ¥ Ib. salted tofu 
1 cup crushed pineapple 1 pt. water 


4 cup sugar 


Boil sugar and pineapple in water until sugar is entirely 
dissolved. Stir in the gelatine and when thoroughly dissolved, 
add the salted tofu (diced). Place in a mold and allow to set in 
a cool place for 5 hours. This is delicious served with whipped 
cream. 

Soybean Sprouts.—Soybean sprouts are especially valuable 
as a green vegetable and on account of their high nutritive value. 
The sprouts are easily prepared, have no waste, are quickly 
prepared, not more than 4 or 5 minutes in any given way. 
Boiling water should be poured over the sprouts before using 
for soups, stews, fried or boiled and creamed. 

Fried Sprouts.—After frying any kind of meat, make a thick 
gravy. Have the sprouts cleansed and place in the skillet with a 
little salt. Stir about and cook for 3 to 5 minutes accord- 
ing to amount used. These are delicious with steaks or chops. 

Creamed Sprouts——Prepare a cream sauce as for carrots or 
any other vegetable. Cleanse the sprouts and add to the sauce. 
Simmer in double boiler for 5 minutes and serve. 

French Sprout Salad—Cleanse 1 lb. of sprouts and put in 
cold water to chill, When thoroughly drained, sprinkle with a 
little salt and pour over them a French dressing made as follows: 
Rub a soup plate with clove or garlic, or cut an onion; put in half 
a level teaspoon of salt, one-eighth teaspoon of paprika and then 
add one tablespoon of olive oil, stirring briskly until the salt is 
dissolved; then add two tablespoons of vinegar, stirring constanty. 

Spanish Salad—Prepare 1 lb. of sprouts as for French 
Sprout salad. Add one small Spanish onion finely chopped, one 
cup of chopped celery and one sweet pepper minced very fine, or 
one pimento. Stir all together with a mayonnaise dressing which 
will require plenty of salt in it, or salt the vegetables a little first. 
Leave a little mayonnaise to spread on top. Garnish and serve. 

Potato Salad.—A few bean sprouts added to a potato salad 
will be found a delicious and appetizing addition. 

Sardine Salad.—Parboil one stalk of celery and one small onion 
together in 1 pt. of water. When cooked thoroughly, drain and 
mash into it one small box of sardines, first draining off the oil. 
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Prepare some sprouts with a French dressing and serve on lettuce 
leaves. 

Fruit Salad.—A delicious fruit salad is made by taking equal 
parts of bean curd (first cut into dice), orange, pineapple, and a 
few nut meats added. Make a nest of bean sprouts and pour 
over the whole a French dressing and serve. 

Chicken Salad.—Prepare a chicken salad in the usual way. 
Add one cup of diced bean curd and one of bean sprouts. This 
will be found a decided improvement. 

Fish Salad.—Take one cup of any kind of left over fish to 1 lb. 
of bean curd and with salt and pepper to taste, mash 
together (a little finely minced parsley or onion may also be 
added). When thoroughly mixed, add 14 lb. of bean sprouts 
(prepared for salad). Mix together with a little French dressing, 
garnish with lemon and cucumber and serve. 


CHAPTER XV 
ENEMIES OF THE SOYBEAN 


As yet no pest has assumed any great economic importance 
with the culture of the soybean in America. According to 
Hemmi (1915) there are many destructive diseases which attack 
the soybean in Japan and of which investigations have been 
made to a greater or lesser extent. There seem to be no avail- 
able data concerning pests of the soybean in China or Manchuria. 
It would seem that the soybean is less affected by destructive 
diseases and insects than are most other forage or food plants. 

Bacterial Diseases.—Several bacterial diseases of the soybean 
have been described apparently three or four of which are caused 
by different organisms. None has as yet caused large damage. 

A bacterial blight of the leaves of the soybean was noted by 
Heald (1906) at the Nebraska Experiment Station in 1904 and 
it is stated that in 1906 this disease was quite serious on soybeans 
used as an orchard cover crop. 

Clinton (1915) of the Connecticut Experiment Station in 1915 
found a bacterial disease in soybean leaves which was apparently 
identical with a somewhat similar appearing leaf-spot on lima 
and wax beans. On the soybeans the spots were generally dark 
reddish brown about 1 to 2 mm. in diameter, with a somewhat 
irregular outline. Very often a yellowing of the tissues outside 
the spots is seen. 

Johnson and Coerper (1917) report having a bacterial blight of 
the soybean under investigation at the Wisconsin Experiment 
Station. Later, Coerper (1919) describes the morphological and 
cultural characters and gives a technical description of the organ= 
ism, Bacterium glycineumn.sp. This blight is considered the same 
as that reported from various parts of the United States. It is 
characterized by the appearance on the leaves of small angular 
spots which are either isolated or confluent. In late stages, the 
diseased tissues become dry and drop out, giving the leaves a 
ragged appearance. Among its most serious characteristics is 
that it is a seed-borne disease. Under favorable moisture condi- 
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tions, it is spread rapidly from the point of original infection to 
adjacent plants. 

Woodworth and Brown (1920) in studies on varietal resistance 
and susceptibility to bacterial blight of soybeans at the Wisconsin 
Experiment Station, found that field experiments indicated 
that soybean varieties vary greatly in their relative susceptibility 
to the bacterial blight. Of forty-seven varieties grown in 1918 
about one-half were completely resistant, and the other half 
ranged from complete susceptibility to partial resistance. 

A bacterial blight of soybeans in North Carolina is described 
by Wolf (1920), which was said to have been first reported in 
Nebraska in 1905 and later in Connecticut, Wisconsin and North 
Carolina. The infection is believed to spread from the cotyledon 
to the true leaves and from these to other leaves. The cause 
of the blight is said to be Bacterium soje n.sp. The disease 
is considered to differ in several respects from the one previously 
described as due to Bacterium glycinewm. Infected seeds are 
believed to be the chief means by which the disease is carried 
over winter and by which it is introduced into new localities. 
Infected leaves which remain in the field during winter have been 
found to harbor the parasite. 

Takomoto (1921) calls attention to a bacterial spotting disease 
of the soybean in Japan which is said to be caused by a new 
bacterium not identical with B. glycinewm, B. soye, or Pseudo- 
monas glycineum Nakano. 

In a discussion of parasitic and so-called symbiotic relation- 
ships, Van der Wolk (1916) gives an account of a soybean disease 
in which, appearing first as an etiolated condition, may result in 
the death of the plant. The trouble appeared to be due to the 
activities of the bacterium (Rhizobium beyerinckit) associated 
with the root nodules, which are here compared with plant galls. 

Mosaic Disease.—In 1915 Clinton (1915) found a mosaic 
disease of soybeans at Mount Carmel, Connecticut. The 
disease is described under the name of chlorosis or crinkling and 
was found on Medium Green, Wilson, Swan, Kentucky, Mikado, 
and Midwest varieties, of which the Midwest showed the most 
marked symptoms. The chlorosis without the crinkling was 
found on the Okute, Ito San and Manhattan varieties. Gardner 
and Kendrick (1921) found a typical mosaic disease in 1920 in a 
small field of Hollybrook soybeans at West Lafayette, Indiana. 
A rather low percentage of the plants were affected, and the 
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disease was more or less confined to one quarter of the field 
adjacent to which were several rows of garden beans affected 
with mosaic to a considerable degree. The symptoms of soybean 
mosaic were conspicuous and unmistakable, resembling those 
characteristic of mosaic diseases in general. The mosaic affected 
plants were stunted, and the petioles and internodes were 
shortened to some extent. The leaflets were stunted, greatly mis- 
shapen, and puckered with dark green puffy areas along the veins. 
Between these puffy areas the leaf tissue was etiolated. The 
young, rapidly growing leaves showed the most severe effects, 
and in some cases whole leaflets or portions thereof were 
extremely stunted or killed outright by the disease. ‘The pods on 
mosaic plants were stunted and flattened, less pubescent, and 
more sharply curved than those on normal plants. Those borne 
at the upper nodes were more severely affected. The yield of 
seed was very materially reduced, since a considerable proportion 
of the pods contained no viable seeds, and the remainder as a rule 
not more than one or two good seeds which were in general under- 
sized. Observations showed that the mosaic plants remained 
green longer than the normal plants. Orton (Fromme, 1921) 
reports the occurrence of mosaic in a field of Ito San soybeans 
at Girard, Pa., in 1920. Soybean mosaic was reported at Ox- 
ford, North Carolina in 1920 by Wolf and Lehman (1920). 

Fungous Diseases.—Several different fungous diseases are 
known to attack the soybean in the United States, and one is 
described from Japan. 

Fusarium Disease-—A disease in North Carolina due to 
Fusarium tracheiphilum is described by Cromwell (1917). The 
disease, characterized by chlorosis and shedding of the leaves 
or leaflets, followed by the death of the plants, is termed blight 
or wilt. It has been observed in several localities in North 
Carolina on soils infected with cowpea wilt. Cultural and 
morphological studies, as well as reciprocal inoculation experi- 
ments, have shown that the two diseases are caused by the same 
species of Fusarium. Infection is thought to occur through the 
roots, but the presence of nematodes does not appear to increase 
the percentage of blight. The character of the soil is considered 
to influence the amount of infection, the largest proportion of 
diseased plants occurring on coarse sandy soils. In later studies 
on this disease concerning the relation of various factors to 
infection, Cromwell (1919), found that the physical structure 
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and acidity of soils under natural conditions were not limiting 
factors in infection, but acidity under certain conditions was found 
to have some influence. 

Rhizoctonia and Sclerotium rolfsii, and other root injuries are 
believed to increase materially the percentage of diseased plants 
in the field. In investigations on the susceptibility of different 
varieties of soybeans, the Black Eyebrow variety was found to 
show resistance. The Mammoth Brown variety, while not 
resistant, appeared tolerant and developed remarkably in 
spite of numerous fungus filaments and nematodes within the 
roots. Fifteen other varieties tested were found to be severely 
affected. 

The Fusarium disease of the soybean is carried by the same 
fungous that engenders wilt of the cowpea. 

Phoma Disease——In the North Carolina Experiment Station 
soybean breeding garden, certain of the early maturing varieties 
were noted by Wolf and Lehman (1920) to be affected with a 
blight which involved the stems and pods. At first isolated 
plants only were diseased, but the infection gradually involved 
others. A species of Phoma, as yet undetermined was fruiting 
in abundance upon the affected parts. Previously no species 
of Phoma was known to occur on the soybean. 

Septoria Disease—A new brown spot disease of the leaf of 
the soybean plant in Japan caused by Septoria glycines n. sp. 
is described by Hemmi (1915). Investigations showed that the 
diseas: was very common throughout the different parts of Japan. 
The disease is characterized by enlarging spots appearing on 
both surfaces of young leaves, which become discolored and fall, 
the disease working toward the top of the plants and often ruin- 
ing the entire crop. It spreads most rapidly in damp warm 
weather and in places which are poorly drained. In a dry 
season or place the disease is checked so that the upper leaves 
are usually not attacked, but if the favorable conditions set up, 
the disease spreads again actively. Although this disease may 
not cause complete loss of the crop, it may interfere with general 
productiveness by diminishing its assimilating power. 

Anthracnose.—In North Carolina, Wolf and Lehman (1920) 
found a number of soybean plants whose pods bore lesions which 
were encrusted with conidia of a fungus belonging to the genus 
Colletotrichum. The organism was identified as that of anthrac- 
nose, Glomerella cingulata. This occurrence .of G. cingulata 
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on soybean is of interest since only one other legume, the sweet 
pea, is known to be attacked by it. 

Rot.—This disease is caused by a fungus, Sclerotiwm rolfsi 
that forms pinkish round bodies on the roots as large as a pea. 
The root dies and the whole plant gradually succumbs. Thus 
far the disease has not been very serious, but in some fields 
about 5 per cent. of the plants have been killed. It has been 
noted in southern Mississippi. 

Nematode Disease.—Two different nematodes cause injury 
to the roots of soybeans and reduce the crop considerably. 

Rootknot.—Rootknot caused by the nematode (Heterodera 
radicicola) often causes considerable injury to soybeans in many 
parts of the southern states where this pest is prevalent (Fig. 84). 
In sections where the pest has become well established in the soil, 
only varieties of soybeans resistant to the nematode should be 
planted. To plant susceptible varieties is a dangerous practice, 
not only because the bean crop will be reduced, but also because 
the pest can propagate freely and greatly damage any susceptible 
crop which follows the soybeans. The Laredo and three other 
unnamed varieties have been found highly resistant both to 
nematode and to wilt. 

Yellow Dwarf—A disease in Japan caused by the nematode 
(Heterodera schachtiz) is mentioned by Katsufuji (1919) and named 
Yellow Dwarf. This nematode also occurs in the United States. 

Insects.—Insect enemies of the soybean are numerous enough, 
but thus far have not been an important factor in the culture 
of the crop. The Mexican bean-beetle, however, seems likely 
to be a serious menace. 

Leaf Hopper.—Ainslee reported in 1908 that he found soybeans 
infested with a green leaf hopper at the South Carolina Experi- 
ment Station. The leaf hoppers were present in great numbers 
in all stages and many of the leaves were corrugated by them. 
The lower leaves were yellowish, and when the plants were dis- 
turbed the hoppers flew out in clouds. Specimens of these were 
identified as Hmpoasca mali. According to Osborn (1912) 
the two most important species of leaf hoppers working on the 
soybean plant are Agallia sanguinolenta and Empoasca mali. 
At the Indiana Experiment Station it was found that the life 
history of Hmpoasca mali was based on the soybean crop as 
several larve and a few adults were found. 

Thrips.—Okamato (1909-10) describes a new species of insect, 
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Liothrips glycinicola, which is commonly found in the flower 
of the soybean plant in Japan. According to the investigations 
of different Japanese agriculturists, the pollen grains are appar- 
ently much damaged by this insect. 


Fia. 84.—Root of a soybean plant showing rootknot caused by the nematode 
(Heterodera radicicola). 


In the authors’ investigations of the soybean, thrips were 
observed as very common in the soybean flower at Arlington 
Farm, Virginia. So far the evidence indicates that the thrips are 
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not appreciably injurious in their influence upon the development 
of soybean seed. It is quite evident that these insects feed upon 
the pollen and the cellular tissue of the flower. 

Legume-pod Moth.—In some sections of California, the legume- 
pod moth (Etiella zinckerella schisticolor) has been found to 
attack the soybean. In one variety test the earlier varieties 
seemed more susceptible to the attacks of this insect than others. 
As this insect is readily controlled by preventive measures, it is not 
likely to assume any importance as a serious pest to the soybeans. 

Soybean Stem-borer.—With the introduction of the soybean 
on an experimental scale at Sabour, India, a cerambycid beetle 
of the genus Nupserlia, appeared and became a source of serious 
damage. An account is given by Dutt (1915) of the life history 
and habits of this insect, together with recommendations as 
to the prevention of injury and remedial measures. 

Chinch Bugs.—Reports have been received at various times 
from different parts of the corn belt as to the effect of soybeans 
on chinch bugs. Long (1914) had his attention called to the 
fact that corn planted on one side of a wheat field which was 
badly infested with chinch bugs was not bothered while that 
cn the other side of the same field was nearly destroyed. The 
only difference between the two fields was that the first had 
soybeans in it and the other did not. In another instance 
a stubble field where the wheat had been badly infested was 
broken up and planted to corn and soybeans. In a number of 
hills the beans failed to come. Those hills were destroyed 
by the bugs, and the hills where the beans came were practically 
unhurt. A badly infested rye field was broken up and planted 
to corn and soybeans and made a good crop of both, while all 
other fields of corn in the vicinity, planted after rye were prac- 
tically destroyed. 

Smith (1915) states that badly infested fields in Missouri that 
were planted to corn and soybeans have given good crops of 
both, while adjoining fields of corn planted alone were totally 
destroyed. Even in the fields where beth corn and beans were 
planted, hills of corn containing no beans were completely 
destroyed, while the corn with the beans was unmolested. 

Replies to numerous inquiries in different sections as to dif- 
ferences noted in corn and soybeans as to chinch bug damage 
showed that in every case the chinch bugs were not nearly so bad 
where the soybeans were in the corn. 
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Two possible explanations have been advanced. It is well 
known that insects are repulsed by odors and it may be that the 
odor of soybeans is repulsive to chinch bugs. Again, the chinch 
bug prefers sunshine and dry weather, while the soybeans with 
corn produce shade, and consequently a damp condition, which 
might be the cause of their absence in large numbers. 

Green Clover Worm.—During the season of 1919, the green 
clover worm (Plathypena scabra Fabr.) caused serious injury to 
soybean fields throughout southern Virginia and eastern North 
Carolina. The injury is caused by the worms eating the leaves 
and occasionally the blossoms, stripping entire fields in a short 
time. Beginning the latter part of July, the injury subsided by 
the middle of August, and many fields, especially of late maturing 
varieties, quickly put out new growth and recovered, but in many 
cases the earlier maturing varieties were ruined. Extensive 
studies were made by Sherman (1920),Sherman and Leiby (1920), 
and Smith (1919) during the course of the outbreak as to methods 
of control. 

In the work with control measures, Sherman (1920) found in 
North Carolina that powdered arsenate of lead at the rate of 
1 to 8 lb. of lime was effective and safe to the plant. Its 
use is deemed practicable in large areas of soybeans, especially 
when grown in rows. It is not too costly and pays a good profit 
on its use, if applied before the injury reaches its maximum. 
It is stated that a very careful farmer whose field was under 
observation tried arsenate alone successfully as a test, a very 
light application having been made. It was found that there was 
little danger from the use of hay treated in this way, the 
material gradually disappearing from the leaves. 

Mexican Bean-beetle—Hinds (1921) reports that crops of 
soybeans in Alabama while usually less severely injured than 
other beans, have in some cases been riddled about as completely 
as table beans by the Mexican bean-beetle. 

Bourletiella hortensis—Corbett (1913) reports that this insect 
attacks the undersurface of the cotyledons of soybeans near the 
edge, where it eats out crescent-shaped holes. It also eats small 
holes in the upper surface of the seed leaves. Some plantsare said 
to be damaged to such an extent that they die. The damage of prin- 
cipal importance is done while the plants are in the seed leaf stage. 

Other Insects.—Caterpillars sometimes eat the foliage but the 
damage from such insects is seldom injurious. The black blister- 
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beetle has been reported in a few cases to have done considerable 
damage to soybean fields but in general this insect can not be 
considered a serious pest. 

Rodents.—Rabbits are most troublesome, as they are very 
fond of the soybean plant and have been known to destroy con- 
siderable areas. Where rabbits are abundant, soybean culture 
in small areas is practically impossible unless the field can be 
inclosed with rabbit-proof fencing. In some of the northern 
states, woodchucks have caused considerable damage to small 
plantings of the soybean. 
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roasted beans, 258 

soy sauce, 250 

sprouts, 226, 278-279 

tofu or soybean curd, 234, 273-278 
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glomerella cingulata, 283 
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pubescence, amount, 180 
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seed color, 181, 182, 183 
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flour, 223 
history of soybeans in, 46 
imports, 17, 18, 25 
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relation to age of seed, 99 
Gilchrist, D. A., 205, 207 
Globulin, 106, 108 
Glomerella cingulata, 283 
Glycine, hispida, 1, 32, 33 
javanica, 34 
max, 1, 34 
soja, 32, 33, 34 
ussuriensis, 1, 32, 33, 34 
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Hofman-Bang, N. O., 205 
Hogs (see Swine). 
Holland, 17, 116 
cake or meal for dairy cows, 206 
exports, 26 
flour, 223 
imports, 18, 24, 25 
Hooper, D., 37 
Hopkins, C. G. and Sachs, W. H., 78 
Hosie, Sir A., 7 
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genetic behavior, 179, 180, 183, 
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greenhouse, 178 
method of, 178 
Hybridization, natural, 175, 184 
amount of, 174 
cotyledons, 183, 184 
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in Orient, 173 
pods, 177, 181 
pubescence, 179 
seed coloration, 177, 181, 182 
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Importance, in Argentina, 3 

in Australia, 3 

in China, 3 

in Europe, 3 

in India, 3 

in Japan, 3, 13 

in Korea, 3 
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Importance, in South Africa, 3 
in United States, 3 
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beans, 14, 17, 18, 22, 24 
Belgium, 18 
British East Indies, 24 
cake, 15, 18, 22 
Canada, 25 
Denmark, 18, 19, 24, 25 
England, 17, 18, 24, 25 
Europe, 18, 19 
Formosa, 24 
France, 18, 24, 25 
Germany, 18, 25 
Holland, 18, 24, 25 
Italy, 18 
Japan, 14, 15 
Norway, 24 
oil, 15, 18, 22, 25 
Russia, 18 
Sweden, 18 
United States, 22 
world, 24 
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soybean stem-borer, 286 
soy sauce, 250 
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64, 207, 209, 210, 212, 214, 
281, 284 
Infants, flour as food for, 224 
vegetable milk for, 232 
Injurious effects, cake or meal, 216 
Inoculation, 66-71 
artificial, 67, 68 
cultures, 67, 68 
soil, 68 
Inoyue, K., 237 
Insects, Agallia sanguinolenta, 284 
black blister-beetle, 287 
bourletiella hortensis, 287 
caterpillars, 287 
chinch bugs, 286 
empoasca mali, 284 
etiella zinckerella 
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green clover worm, 287 
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Insects, legume-pod moth, 286 
liothrips glycinicola, 285 
Mexican bean-beetle, 284, 287 
nuprserlia, 286 
plathypena scabra, 287 
stem-borer, 286 
thrips, 284 
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Todin value of oil, 114, 116, 186 
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imports, 18 
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bean, 40 
fodder plant, 40 
pea, 40 
beans, quality, 14 
breeding and improvement, 173 
coffee substitute, 227 
condensed vegetable milk, 232 
cost of production, 14 
culture in, 37 
diseases, 280 
exports, miso, 16 
oil, 16, 26 
shoyu sauce, 16 
soybeans, 16, 18, 26 
feeding experiments, swine, 215 
fertilizers for soybeans, 71 
food products, 218 
history in, 36-37 
importance in, 3 
imports, beans, 15, 24 
cake, 15 
oil, 15,-25 
market prices, 14 
meal as fertilizer, 217 
method of seeding, 63 
miso, 247 
natto, 244 
planting, time, 60 
production, 13 
rate of seeding, 64 
soils for soybeans, 59 
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Land plastes (see Gypsum). 
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breeding and improvement, 173 
cake as fertilizer, 217 
industry, 11 
cost of production, 7 
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distribution, 58 
exports, beans, 12, 18, 26 
cake, 12 
oil, 12, 26 
extent of industry, 22 
fertilizers for soybeans, 71 
map, 56 
market centers, 9 
marketing, methods of, 7-11 
oil extraction, methods, 196 
industry, 11 
mills, 195-197 
pests, 280 
planting, time, 60 
production, 6-7 
quality of beans, 14 
seed, storage of, 98 
weight per bushel, 153 
seeding, methods, 63 
rate, 64 
soils for soybeans, 58 
trade in soybeans, 5-6 
transportation, 10, 11, 12 
yield of soybeans, 7 
Manganese, relation to nodules, 70 
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Orient, 51 
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condensed, 232 
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fermented, 233 
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232 
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powder, 232 
preparation of, 228 
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utilization, 228, 231 
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fertilizers, 71, 72 
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Nodules, 68 
forms of nitrogen in, 106 
relation to composition of seed, 69 
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Norofia, Maceda F., 50, 173 
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acid value, 116 
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class, 194 
color, 194 
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deodorization, 200, 201 
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ether number, 117 
exports, 12, 16, 26 
extraction, methods, 195-198 
glycerol, 117 
Hehner value, 116 
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iodin value, 114, 116, 186 
marketing, methods, 198 
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odor, 194 
prices, 199 
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saponification value, 116 
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factors affecting, 119-128 
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fertilizers, 127 
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life period, 122 

nodule formation, 127 
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partial defoliation, 120 

size of seeds, 122 

stage of development, 119 
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Manchuria, 11, 195, 196, 197 
United States, 4, 19, 20, 197 

Oil, utilization, 18-20, 200-203 
artificial rubber, 202 
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enamels, 203 
explosives, 200 
food products, 201 
glycerine, 200 
lard substitutes, 201 
lighting, 202 
linoleum, 203 
lubricant, 202 
oleomargarine, 201 
paints, 202 
printing ink, 203 
rubber substitutes, 203 
soaps, 200 
toilet powder, 203 
varnish, 203 
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Pasturage, 132-136 
Alabama, 132-136 
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effects on fat of swine, 136 
feeding tests, 133-136 
Kentucky, 134 
New Jersey, 135 
North Carolina, 135, 136 
Ohio, 135 
poultry, 135 
seeding for, 64-65 
sheep, 132 
swine, 133-135, 136 
Pellet, H., 117 
Pennsylvania Experiment Station, 
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Peroxidase, 114 
Perry Expedition, 40, 42 
Pests, China, 280 
Manchuria, 280 
Phaseolus max, 28, 29, 30, 31, 32, 34 
mungo, 30, 31, 32 
Phelps, C. 8., 72 
Philippine Istands, 50, 173 
Phillips, A. G., 214 
Phoma disease, 283 
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relation to nodules, 70 
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Phosphoric acid, cake or meal, 217 
leaves, 132 
plant, 104 
pods, 132 
roots, 130, 132 
seed, 118, 132, 217 
stems, 132 
Phosphorus, 72-73, 76 
Pierre, J. I., 39 
Plant, different parts, percentage, 
102 
fertilizer constituents at different 
stages of growth, 105, 132 
heterozygous, 175, 176, 177 
nutritive constituents, 102, 103 
sterile, 176, 177 
Pods, color, 153, 180 
diseases, 283 
genetic behavior of color in, 180 
mineral materials in, 104, 105 
number of in relation to oil content, 
121 
nutritive constituents in, 103 
percentage of plant, 102 
shattering of, 153 
size and shape, 151, 153 
Pollination, 173 
artificial, 178 
cross-pollination, 173 
insects, 174 
self-pollination, 174 
Possibilities, 4 
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relation to nodules, 70 
with phosphorus, 76 
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135 . 
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Manchuria, 7 
United States, 21 
Japan, 13 
Manchuria, 6, 5 
~North Manchuria, 6 
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Production, oil, Manchuria, 11_ 
South Manchuria, 6 
soy sauce, Japan, 250 
United States, 3 
Protease, 114 
Pseudomonas glycineum Nakano, 281 
Pubescence, amount, 150, 177 
color, 150, 177, 180 
genetic behavior, artificial hybrids, 
180 
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Rabbits, 288 
Radium, 78 
Rate of seeding, 63-64 
Japan, 64 


Manchuria, 64 
United States, 64 
Recipes, dried beans, baked, 260 » 
boiled, 260 
Chili con carne, 262 
cookies, 265 
cottage cheese salad, 264 
cream of soybean soup, 261 
croquettes, 261, 262 
crust, 265 
filling for sandwiches, 264 
fruit pudding, 264 
loaf, 262 
muffins, 266 
pastry, 265 
pudding, 263 
roast, 263 
salad, 264 
souffle, 263 
soup, 261 
soybeans and macaroni, 264 
and rice, 265 
timbales, 263 
vegetable soup, 261 
Recipes, flour, biscuits, 266 
bread, 266 
celery soup, 272 
coconut pudding, 268 
coffee cake, 271 
croquettes (mush), 268 
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Recipes, cup cakes, 272 
filled cookies, 271 
fruit cake, 269 
gems (low starch), 269 
gingerbread, 270 
ginger cookies, 270 
griddle cakes, 267 
loaf (mush), 269 
jam pudding, 270 
muffins, 266, 267 
(low starch), 267 
mush, 268 
nut bread, 272 
omelet, 269 
pancakes, 272 
rye bread, 272 
soft ginger cake, 271 
spice cake, 268 
spoon bread, 269 
wafers, 269 
Recipes, sprouts, chicken salad, 279 
creamed sprouts, 278 ' 
fish salad, 279 
French sprout salad, 278 
fried sprouts, 278 
fruit salad, 279 
sardine salad, 278 
Spanish salad, 278 
potato salad, 278 
Recipes, tofu or bean curd, cabbage 
or cauliflower soy cake, 275 
chicken soy cake, 273 
creamed tofu in ramekins, 276 
curried tofu, 277 
eggs a la caracas with soy cake, 
275 
mushrooms with soy cake, 274 
pickled tofu, 277 
potatoes with soy cake, 274 
salted tofu, 276 
soy cake salad dressing, 276 
with stuffed peppers, 275 
with tomatoes, 273 
and cheese, 274 
with tuna fish, 275 
chicken salad, 275 
tofu and bacon, 277 
cakes, 277 
with cheese, 276 
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Residue from milk manufacture, 231 
soy sauce manufacture, 256 
Rhizoctonia, 283 
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Rice kojii, 249, 250 
Richards, W. B. and Kleinheinz, F., 
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Roasted beans, composition, 258 
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Robinson, G. M. and Oppenheim, 
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Robison, W. L., 135, 211 
Rodents, rabbits, 288 
woodchucks, 288 
Rootknot (see Nematode). 
Roots, 66 
composition, 103, 130, 132 
diseases, 282, 283, 284 
mineral constituents, 105, 130, 132 
nutritive constituents, 103 
Rosengren, L. F., 207 
Rot, 284 
Roxburgh, William, 37, 146, 153 
Royal Agricultural College, England, 
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Royen, A. Van, 30 
Rumphius, Georgius, 27, 39 
Rurah, J., 224 
Russia, imports, 18, 24-25 
soybean coffee, 227 
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Savi, Geatona, 32 

Sawer, E. R., 216, 252 

Scientific names, 1, 34 

Sclerotium rolfsii, 283 

Seed bed, preparation, 57-60 

Seed, certification, 100-101 
color, 154, 181, 182, 183 
composition, 107, 109, 114, 117, 
| 118, 154 
cooking, quality of varieties, 192 
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Seed, cotyledons, 191 
curing and handling, 92 
different parts of seed, composi- 
tion, 107 
exports, 12, 16, 26 
food products from, 221, 259-266 
germination, 71 
harvesting, methods, 91 
time, 88 
hilum, 154, 155, 187, 189 
immature or green, 221 
imports, 15, 18, 22, 24 
inspected, 99 
mature or dried, 221, 259-266 
number per bushel, varieties, 154 
pedigreed, 99 
production, 3, 6, 13 
proportion of seed to straw, 97 
registered, 99 
seed coat or testa, 154, 187-189 
separation of cracked from whole 
seed, 98 
size and weight, 153, 154 
size, relation to oil content, 122 
storage, 97 
structure, 187—193 
thrashing, 93-95 
viability, 99 
yields, 13, 49, 50, 51, 52, 53, 95 
Seeding, depth, 65-66 
for pasturage, 64-65 
methods of, 60-63 
rate of, 63, 64 
time of, 60 
Septoria glycines, n. sp., 283 
Settinj, L., 115 
Sheep, feeding experiments, 51, 
141, 211, 212, 215 
Sherman, F., 287 
Sherman, F. and Leihy, R. W., 287 
Shoyu (see Soy sauce). 
Siebold, P. F. and Zuccarini, J. G., 
32, 33 
Sinclair, J. F., 232 
Skinner, J. H., 209 
Skinner, J. H. and King, F. G., 
207, 212 
Skinner, J. H. and Starr, C. G., 212 
Smith, C. D., 130 
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Smith, C. D. and Robinson, F. W., 
69 
Smith, L. B., 287 
Smith, W. C., 286 
Soft pork, from cake or meal, 208 
from pasturage, 136 
Soia officinarum, 29 
Soils, acid, 74, 75 
Africa, 59 
Europe, 4, 59 
Japan, 59 
Manchuria, 58, 59 
preferences, 57-59 
soil acidity, relation to nodules, 71 
United States, 57, 58 
Soiling, 136-137 
feeding experiments, 136 
Soja, 1 
angustifolia, 32, 34 
hispida, 32, 34, 146 
leucosperma, 146 
pallida, 146 
japonica, 32, 34 
max, 1, 34 
Sorghums, mixed with soybeans, 81 
South Africa, soils for soybeans, 59 
nodule formation, 69 
yields of seed, 95 
South Carolina Experiment Sta- 
tion, 284 
Soy sauce, 14, 15, 39, 250-257 
chemistry of, 256 
China, 250, 251 
composition, 257 
description, 250 
exports, Japan, 16 
food value, 257 
Hawaii, 251, 256 
India, 250 
manufacture, 250 
manufacturing yields, 256 
production, Japan, 250 
residue, soy cake or cass, 256 
United States, 251 
Soya, 1, 36 
Soyasterol, 114 
Soybean cake (see Cake). 
stem-borer, 286 
Soy-casein, 234 
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Sprouts, 226-227 
composition, 227 
preparation, 226 
recipes for, 278-279 
utilization, 227° 
varieties for, 226 
Starch, percentage, 109-111 
Stems, diseases, 283, 285 
mineral constituents, 104, 105, 132 
nutritive constituents, 103 
Stigmasterol, 114 
Stingl, F. and Morawski, Th., 110, 
112, 113 
Storage, seed; method, 97 
Manchuria, 98 
Straw, feeding tests, 141 
digestible nutrients, 142 
fertilizer value, 142 
proportion to seed, 97 
Street, J. P. and Bailey, E. M., 109, 
112, 114 
Stroud, W. H., 106 
Sudan grass, mixed with soybeans, 81 
Sulfates, fertilizers, 72, 75 
relation to nodules, 20 
Sulfur, fertilizer, 75-76 
in seed, 118 
Sunflowers, mixed with soybeans, 84 
Sweden, imports, 18, 24-25 
Swine, effects of cake or meal on 
fat of, 208 
effects of pasture on fat of, 136 
feeding tests, cake or meal, 
208-211 
pasturage for, 133-135, 136 
Switzerland, 227, 228 


T 


Takeuchi, T., 112 

Ten Eyck, A. M. and Call, L. E., 1381 

Tennessee Experiment Station, 60, 
62, 64, 66, 68, 77, 141, 142, 207 

Teou fu (see Tofu). 

Terao, H., 173, 184 

Thompson, F. and Morgan, H. H., 
115, 116 

Thrashing, methods, 93 

special bean harvesters, 94 
Thrips, 284, 285 


INDEX 


Time of planting, China, 60 
Japan, 60 
- Manchuria, 60 
relation to oil content, 122 
to life period of plant, 156, 157, 
161 
United States, 60 
Tofu or bean curd, 
agents, 235 
composition, 237 
digestibility, 221, 237 
dishes, 241 
dried, 237 
frozen, 237, 240 
kinds, 238 
manufacture, methods, 234, 235 
yields, 235 
recipes for, 273, 278 
utilization, 14, 238, 240, 241 
yields from different varieties, 236 
Tollens, G. B., 112 
Tonnelier, A. C., 50 
Trade, Manchuria, 5, 6 
Trimen, H., 32 


coagulating 


U 


United Kingdom (see England). 
United States, acreage, 3 
competition, 21 
distribution, 57 
future prospects, 3 
history, 39-41 
importance, 3 
imports, 16, 19, 20, 21, 22, 24,-25 
introduction of, 19 
map, distribution, 57 
milk, vegetable, 228, 231 
oil, method shipping, 198 
and cake manufacture, 20, 197 
utilization, 194, 200 
possibilities of soybeans, 4 
prices, 21 
soybean factories, 4 
soy sauce, manufacture, 251 
use as food, 4, 20, 218, 221, 223, 
227, 228, 241, 259, 273 
University College of North Wales, 
211 
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Urease, 112, 113 
Urobacillus pasteurii, 113 


Utilization, cake or meal, 18, 19, 
204-217 

casein, vegetable, 233, 234 

China, 2, 201, 208, 218, 226, 228, 
234, 238, 246 

Cochin China, 233 

coffee, 227 

confections, 257, 258 

diagram of, 129 

ensilage, 138 

Europe, 2, 17, 18, 194, 202, 205, 
206, 207, 210, 217, 218, 222, 
223, 227, 234, 241 

flour, 222 

green manure, 130 

hamananatto, 245 

hay, 140 

immature or green beans, 221 

Japan, 2, 13, 217, 218, 22%, 244, 
245, 246, 247, 250 

Manchuria, 194, 203, 204, 217 

mature or dried beans, 221, 
259-266 

milk, vegetable, 228, 231 

miso, 247, 250 

natto, 244, 245 

oil, 18, 19, 194, 200-203 

pasturage, 132 

Russia, 227 

soiling, 136 

soy sauce, 250 

sprouts, 226, 278, 279 

straw, 141 

tofu or bean curd, 234, 238, 
273-278 

United States, 2, 200, 202, 217, 
218, 222, 227, 241 

yuba, 246, 247 


Vv 


Van der Wolk, P. C., 281 
Varieties, Acme, 68 


Aets. 162,121 

Aksarben, 89, 96, 162, 171 
Amherst, 97, 124, 158 
Arlington, 538, 87, 154 


Varieties, Auburn, 68, 97, 161 


Austin, 87, 158 

Banner (see Midwest). 

Barchet, 53, 87, 152, 154, 155, 156, 
163, 172 

Biloxi, 52, 53, 89, 96, 111, 152, 
158, 154, 162, 163, 172 

Black Beauty (see Ebony). 

Black Eyebrow, 52, 87, 89, 96, 
100, 101, 111, 152, 154, 159, 
163, 172, 283 

Brindle, 156 

Brownie, 158, 162 

Buckshot, 43, 48, 50, 122, 123, 
125, 158 

Butterball, 44, 48, 158° 

Chernie, 46, 50, 156, 158 

Chestnut, 89, 164, 172, 173 

Chiquita, 87, 89, 96, 111, 152, 
154,.164, 171, 192 

Cloud, 97 

Columbia, 164, 171 

Early Brown, 52, 89, 111, 152, 
154, 164, 172 

Easycook, 111, 164, 171, 192, 193, 
221, 259 

Ebony, 89, 96, 97, 152, 154, 158, 
163, 164, 172 

Eda, 44-45, 158 

Elton, 51, 89, 96, 97, 101, 105, 171 

Etampes, Yellow, 46, 47, 48, 49 

Flat King, 158 

Guelph, 44, 50, 73, 88, 89, 96, 97, 
101, 111, 125, 149, 152, 154, 
155, 158, 162, 165, 167, 171, 
180, 281 

Habaro, 50, 89, 96, 97, 156, 165, 
171 

Haberlandt, 60, 68, 89, 96, 100, 
111; 123, 152, 164, 156, 158, 
161, 165, 171, 192, 221 

Hahto, 52, 53, 111, 152, 154, 165, 
171, 192, 193, 222, 259 

Hamilton, 89, 96, 97, 101, 165, 
172, 173 

Hansen, 122, 125 

Hollybrook, 100, 111, 152, 154, 
158, 166, 171 

Hoosier, 165, 171 
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Varieties, Hope, 158 


Ito San, 40, 41, 49, 50, 66, 89, 96, 
97, 101, 111, 152, 154, 155, 
156, 157, 158, 166, 167, 171, 


192, 227, 259, 281 
Jet, 154, 156, 158 
Kentucky, 281 
Kingston, 44, 156, 158 


Laredo, 158, 162, 166, 172, 284 


Lexington, 152, 154, 166, 171 


Mammoth Brown, 68, 100, 159, 


167, 172, 283 


Yellow, 42, 43, 53, 65, 35, 87, 89, 
96, 100, 111, 139, 152, 154, 
157, 158, 161, 166, 171, 174, 


192, 221, 259 


Manchu, 89, 96, 101, 111, 120, 121, 


152, 154, 167, 171, 192 
Mandarin, 89, 96, 167, 171 
Manhattan, 156, 158, 281 


Medium Early Green (see 


Guelph). 
Medium Green (see Guelph). 


Medium Harly Yellow (see Ito 


San). 


Medium Yellow (see Midwest). 


Merko, 162, 172 
Meyer, 156, 172 


Midwest, 51, 87, 89, 96, 97, 101, 
111, 112, 123, 182, 152, 154, 
157, 158, 159, 167, 168, 171, 


192, 259, 281 


171, 281 

Minnsoy, 67, 171 

Mongol (see Midwest). 
Morse, 51, 89, 96, 168, 171 


west). 
Nuttall, 158 


Ogemaw, 45, 46, 48, 49, 120, 121, 
122, 123, 125, 156, 158, 161, 


168, 172 
Ohio 9001, 97 
Ohio 9016, 97 
Ohio 9035 (see Hamilton). 
Okute, 281 
Otootan, 168, 172 


Mikado, 68, 89, 96, 97, 152, 168, 


Northern Hollybrook (see Mid- 


Varieties, Peking, 52, 61, 65, 89, 96, 


97,101, 111, 120, 121, 152, 154, 
168, 169, 172, 173 

Pinpu, 169, 171 

Riceland, 155, 174 

Roosevelt (see Midwest). 

Sable (see Peking). 

Samarow, 44, 47, 158 

Shanghai (see Tarheel Black). 

Shingto, 149, 156 

Swan, 281 

Taha, 97, 172 

Tarheel Black, 68, 89, 96, 124, 154, 
169, 172 

Tokio, 68, 87, 89, 96, 100, 111, 
152, 154, 158, 169, 171, 192, 
193 

Trenton, 174 

Virginia, 52, 53, 87, 89, 96, 100, 
101, 111, 152, 154, 169, 170, 
72 175 

Wea, 170, 171 

Widower, 155 

Wilson, 87, 89, 96, 100, 101, 111, 
169, 281 

Wilson-five, 53, 152, 154, 169, 172 

Wisconsin Black, 46, 47, 49, 70, 
89, 127, 160,170; 172; 1738 

Yellow Riesen, 42, 48 

Yokotenn, 119, 124, 170, 171 

Yosho, 97, 158 


Varieties, breeding and improve- 


ment, 172 

characteristics, desirable charac- 
ters, 160 

classifications, botanical, 146-148 

cooking qualities, description of 
important, 162-170 

disease resistance, 158, 281 

European, 47, 48 

flowers, 150 

foliage, 149 

frost resistance, 155 

habit of growth, 153 

hilum, 154, 155 

Japanese, 144 

key for the identification of, 
171-172 

Manchurian, 146 


INDEX 


Varieties, maturity, 156 

oil content, 123 

pods, 153 

pubescence, 150 

seed color, 154 

size and weight of seed, starch 

content, 153 

Vegetable casein(see Casein). 
Vegetable milk (see Mik). 
Vernacular names, 35, 36 
Vestal, C. M., 210 
Viacianin, 114 
Vilmorin Andrieu & Co., 45, 48 
Vitamines, 2, 118 
Vladivostock, 13 
Voigt, J. O., 146, 153 
Von Tschermak, E., 47, 48 
Voorhees, J. H., 68 


W 


Wales, cake or meal for sheep, 211 

Wallis, F. E., 187, 190 

Water requirement, 59 

Wein, E., 153 

Wester, D. H., 113 

Western Hemisphere, map, 52 

Whai Nain Tze, 228, 234 

Wheeler, G. C., 209 

White, H. L., 117 

Whitson, A. R., 59 

Wild soybean, 1, 55 

Williams, C. G. and Park, J. B., 97 

Wilson, J., 137 

Wilson, J. K., 70 

Wilt, 158 

Winters, R. Y., 185 

Wisconsin Experiment Station, 59, 
70, 71, 127, 138, 159, 185, 209, 
211, 280, 281 

Wolf, F. A., 281 
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Wolf, F. A. and Lehman, 282, 283 

Woll, F. W. and Humphrey, G. C., 
138 

Woll, F. W. and Olson, G. A., 70, 
127 

Woodchucks, 287 

Woodhouse, E. J. and Taylor, C. S., 
37, 38, 150, 159, 174 

Woods, C. D., 130 

Woods, C. D. and Bartlett, J. M., 
139 

Woodworth, C. M. and Brown, 
F. C., 159, 281 

World trade, beans, 24, 26 

oil, 25, 26 


Y 


Yabe, K., 244 

Yellow Dwarf disease, 284 

Yields, seed, Canada, 50 
Cuba, 52, 53 
Egypt, 51 
Hawaii, 49 
Japan, 13, 95 
Manchuria, 95 
Soochoo Islands, 95 
South Africa, 49, 95 
United States, 95, 96 
West Africa, 49 

Yields, hay, 88, 89 

Yuba, composition, 247 
China, 246 
digestibility, 221 
manufacturing yields, 246 
preparation, 246 
utilization, 246 


Z 


Zavitz, C. A., 50 
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